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METHODS AND REAGENTS FOR MOLECULAR CLONING 

[0001] This application claims priority under 35 U.S.C. § 1 19 to U.S. Serial 

No. 60/226,563, filed August 21, 2000, the entire content of which is incorporated herein 

by reference. 

BACKGROUND OF THE INVENTION 
FIELD OF THE INVENTION 
[0002] The invention relates generally to compositions and methods for facilitating 
the construction of recombinant nucleic acid molecules, and more specifically to 
compositions useful for covalently linking two or more nucleic acid molecules, including 
for directionally or non-directionally linking the nucleic acid molecules, and to methods 
of generating such covalently linked recombinant nucleic acid molecules. 

BACKGROUND INFORMATION 
[0003] The ability to clone large numbers of nucleotides sequences, including gene 
sequences and open reading frames allows a great deal of information to be obtained 
about gene expression and the regulation thereof. In addition, such sequences can be 
useful for understanding the etiology of disease conditions and, ideally, can provide a 
means to diagnose and treat such diseases. However, while it is relatively simple matter 
to clone large numbers of expressed nucleotides sequences, for example, it is a more 
difficult undertaking to characterize the regulatory elements involved in the expression of 
such sequence and to properly express a polypeptide encoded by the sequence. In 
particular, there is a need for improved methods for ligating nucleic acid molecules and 
cloning nucleic acid molecules such that a functional recombinant nucleic acid molecule 
is produced. There is a particular need for directional cloning methods, wherein an insert 
can be cloned into a vector or linked to one or more other nucleic acid molecules in a 
predetermined orientation. 
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[0004] The use of topoisomerases provides a convenient means to improve cloning 
and ligation methods. For example, the use of topoisomerase to perform rapid ligation of 
polymerase chain reaction (PCR) products into a vector has cut traditionally laborious 
cloning methods down to a five minute procedure. As such, topoisomerase is particularly 
useful for high throughput cloning applications. However, given the current demand for 
expressing open reading frames (ORF) in genome scale molecular cloning procedures, 
there still remains a need to better control the orientation in which two or more nucleic 
acid molecules are linked such that functional recombinant nucleic acid molecules such 
as expressible cloned nucleic acid molecules can be prepared. 

[0005] Expression of cloned ORFs demands that the PCR product be inserted into the 
vector in its correct orientation, so as to work in accord with functional expression 
domains located on the vector. In the current state of the art for topoisomerase mediated 
cloning, ORFs are amplified by PCR using various DNA polymerases. A polymerase 
such at Taq, which does not have a proof-reading function and has an inherent terminal 
transferase activity, is commonly used, and produces PCR products containing a single, 
non-template derived 3 ! A overhang at each end. These amplification products can be 
efficiently cloned into topoisomerase-modified vectors containing a single 3 ! T overhang 
at each end (TOPO TA Cloning® Kit, Invitrogen Corp., Carlsbad, CA). In comparison, a 
polymerase such as pfu, which has an inherent 3' to 5* exonuclease proof-reading activity, 
produces PCR products that are blunt-ended. Topoisomerase-modified vectors 
containing blunt ends are available for cloning of PCR products produced with 
proofreading polymerases (Zero Blunt TOPO® PCR Cloning Kit, Invitrogen Corp., 
Carlsbad, CA). Incubation of either PCR product and the proper topoisomerase-modified 
vector results in five minute ligation. However, the orientation of the insert obtained 
using such cloning methods is random. 

[0006] Because the orientation of DNA fragment insertion into topoisomerase- 
modified cloning vectors is random, users must screen clones to identify those having the 
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proper orientation. Insert orientation can be determined using various methods including, 
for example, restriction enzyme analysis, in vitro transcription from vector-encoded 
promoter elements, and PCR using, for example, one insert-specific primer and one 
vector-specific primer. As is evident, however, the requirement for determining insert 
orientation requires an investment of time and can substantially increase the cost for 
identifying a nucleic acid molecule of interest, particularly where a high throughput 
cloning method is used. As such, current cloning methods are severely limited, 
particularly for high throughput gene expression analysis for several reasons, because 
numerous laborious steps must be performed in order to select clones with correctly 
oriented inserts, and there is a need to screen as many as eight colonies of each clone to 
identify one having the proper orientation. Thus, a need exists for methods and reagents 
that are useful for covalently linking two or more nucleic acid molecules in a directional 
orientation. The present invention satisfies this need and provides additional advantages.. 



SUMMARY OF THE INVENTION 
[0007] The present invention provides compositions and methods for covalently 
linking two or more (e.g., 2, 3, 4, 5, 6, 7, 8, 9, 10, etc.) double stranded ("ds") nucleic 
acid molecules, including directionally or non-directionally linking two or more ds 
nucleic acid molecules. Nucleic acid molecules used in accordance with the invention 
preferably comprise a first end and a second end. The first and/or second end of such 
molecules preferably has a 5 f and/or 3 1 extension or overhang. Thus, one or both ends of 
the nucleic acid molecules used in the invention can have a 3' and/or 5' overhang. The 
overhang sequences can be the same or different sequences, and can be the same or 
different types (e.g., 3* or 5 1 overhang) at both ends of the molecule. In addition, while 
one end of the nucleic acid molecule can have a 3 f extension and 5 f extension, the other 
end of the molecule can, but need not, have an extension. In some aspects, one end of 
nucleic acid molecule can contain a 3' overhang or 5' overhang while the other end can be 
blunt ended (i.e., it has no overhang). In accordance with the invention, the 3 1 and/or 
5* extension sequences (i.e., overhangs) at any terminus can be any length (i.e., any 
number of nucleotides), and can have any sequence. Thus, the invention relates to 
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nucleic acid molecules having single or multiple nucleotide overhangs. In some aspects, 
the nucleic acid molecules and their termini can include modified or labeled nucleotides. 
In the use of the invention, enzymes or proteins capable of fusing or joining or ligating 
nucleic acid molecules can be used. Thus, two or more nucleic acid molecules, which 
can be the same or different, can be joined directionally using such enzymes. Such 
enzymes or proteins include, but are not limited to, topoisomerases (including types IA, 
IB, II, etc.), recombinase proteins (including FLIP recombinase, Int integrase, ere 
recombinase, etc.), and ligases (including T4 DNA ligase, etc.). 




[0008] In the methods of the invention, the 3' or 5' overhang of one terminus of 

the first nucleic acid molecule can have homology (or is complementary) to at least one 
sequence at or near the terminus of at least a second nucleic acid molecule. Thus, 
through base pairing or hybridization of the 3 f or 5' overhang or extension with the 
homologous or complementary sequence on the second molecule, the invention allows 
directional or non-directional association or joining of two different molecules. In a 
preferred aspect, the 3 1 or 5' overhang of one terminus of at least a first molecule can 
engage in strand invasion as it associates or hybridizes with its complementary sequence 
at or near the terminus of the second molecule. In one aspect, such a strand invasion 
event allows the 3 ? or 5' overhang to directionally associate with a desired end of its 
partner molecule. By designing the overhangs and the termini of the molecules to be 
joined, two or multiple partner molecules can be joined in the presence of one or more 
proteins or enzymes having ligase activity (e.g., topoisomerases, ligases, recombinases, 
etc.) in accordance with the invention. Thus, the invention provides methods for 
connecting two or more nucleic acid molecules (e.g., double stranded nucleic acid 
molecules) which involve covalently linking at least one strand of one molecule to at 
least one strand of another molecule. The invention further provides compositions for 
preparing nucleic acid molecules connected by methods of the invention and 
compositions produced by methods of the invention. 
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[0009] Processes of the invention are exemplified by methods described herein which 
involve the covalent linkage of strands of different nucleic acid molecules catalyzed by 
topoisomerase. Thus, the present invention relates, in part, to an isolated ds nucleic acid 
molecule having a first end and a second end, wherein the first end contains a first 
5* overhang and a first topoisomerase covalently bound at the 3 f terminus, and the second 
end contains a second topoisomerase covalently bound at the 3 1 terminus and contains a 
second 5 ! overhang, a blunt end, or a 3 f thymidine overhang, wherein the first 5' overhang 
is different from the second 5 f overhang. The first topoisomerase and second 
topoisomerase can be the same or different. The first 5' overhang can have any 
nucleotide sequence, including, for example, the nucleotide sequence 5-GGTG-3 1 . 

[0010] In one embodiment, the ds nucleic acid molecule is a vector, which can be a 
linear vector such as a lambda vector or a linearized vector such as a linearized plasmid. 
The vector can be a cloning vector or an expression vector, and can contain, for example, 
one or more (e.g., 1, 2, 3, 4, 5, 6, etc.) recombinase recognition sites such as one or more 
lox sites or one or more att sites, one or more transcriptional regulatory elements, one or 
more translational regulatory elements, one or more nucleotide sequences encoding a 
peptide of interest such as one or more selectable markers or one or more tags, or 
combinations thereof. For example, the vector can be a pUni/V 5-His version A (SEQ ID 
NO: 1 6) vector or a pCR @ 2. 1 (SEQ ID NO: 1 7) vector. 



[0011] The present invention also relates to methods of directionally or non- 
directionally linking two, three, four or more nucleic acid molecules, including, as 
desired, operatively linking two or more of the nucleic acid molecules. A method for 
generating a directionally linked recombinant nucleic acid molecule can be performed, 
for example, by contacting a first topoisomerase-charged first ds nucleic acid molecule, 
which has a first topoisomerase covalently bound at a first end, and a second 
topoisomerase covalently bound at a second end, and also contains a 5 1 overhang at the 
first end and a blunt end, a 3' uridine overhang, a 3' thymidine overhang, or a second 
5 f overhang at the second end; and at least a second ds nucleic acid molecule, which has a 
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first blunt end and a second end, wherein the first blunt end has 5 ! nucleotide sequence 
that is complementary to the first 5 1 overhang of the first end of the first nucleic acid 
molecule. The first and second topoisomerases can be the same, for example, two type 
IB topoisomerases such as two Vaccinia type IB topoisomerases, or can be different, 
including two type IB topoisomerases from different organisms or a type IB 
topoisomerase and a type IA or a type II topoisomerase. 



[0012] In performing a method of the invention, the first and second (or other) ds 
nucleic acid molecules are contacted under conditions such that the 5 ! nucleotide 
sequence of the first blunt end of the second nucleic acid molecule can selectively 
hybridize to the first 5 1 overhang, whereby the first topoisomerase can covalently link the 
3' terminus of the first end of the first ds nucleic acid molecule to the 5' terminus of the 
first blunt end of the second ds nucleic acid molecule, and the second topoisomerase can 
covalently link the 3 ! terminus of the second end of the first ds nucleic acid molecule to 
the 5 1 terminus of the second end of the second ds nucleic acid molecule, to generate a 
directionally linked recombinant nucleic acid molecule. Accordingly, the present 
invention provides a directionally or non-directionally linked recombinant nucleic acid 
molecule produced by such a method. 



[0013] In one aspect of performing a method of the invention, the second end of the 
first topoisomerase-charged ds nucleic acid molecule has a blunt end, and the second end 
of the second ds nucleic acid molecule has a blunt end. In another aspect, the second end 
of the topoisomerase-charged first ds nucleic acid molecule has a 3* thymidine overhang, 
and the second end of the second ds nucleic acid molecule has a 3 f adenosine overhang, 
or the second end of the topoisomerase-charged first ds nucleic acid molecule has a 
3* uridine (or modified form thereof, for example, deoxyuridine) overhang, and the 
second end of the second ds nucleic acid molecule has a 3 f adenosine overhang. In yet 
another aspect, the topoisomerase-charged first ds nucleic acid molecule has a second 
5' overhang at the second end, and the second end of the second ds nucleic acid has a 
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nucleotide sequence complementary to the second 5' overhang. The topoisomerase- 
charged first ds nucleic acid molecule can, but need not be, a vector, including a cloning 
vector or an expression vector. 

[0014] A method of the invention can further include introducing a directionally or 
non-directionally-linked recombinant nucleic acid molecule into a cell, which can be a 
prokaryotic cell such as a bacterium or a eukaryotic cell such as a mammalian cell. 
Accordingly, the present invention also provides a cell produced by a method of the 
invention, as well as a non-human transgenic organism produced from such a cell. 

[0015] The topoisomerase-charged first ds nucleic acid molecule can be a vector, and 
the second ds nucleic acid molecule used in a method of the invention can be an 
amplification product. In addition, the second ds nucleic acid molecule can be one of a 
plurality of second ds nucleotide molecules, for example, individual members of a cDNA 
library or a combinatorial library. 

[0016] A method for generating a directionally or non-directionally linked 
recombinant nucleic acid molecule also can be performed, for example, by contacting a 
first precursor ds nucleic acid molecule having a first end, which has a first 5' target 
sequence at the 5* terminus and a topoisomerase recognition site at the 3' terminus, and a 
second end, which has a topoisomerase recognition site at the 3 f terminus; a second ds 
nucleic acid molecule having a first blunt end and a second end, wherein the first blunt 
end has a 5 ! nucleotide sequence complementary to the 5' target sequence of the first 
precursor ds nucleic acid molecule; and a topoisomerase that is specific for the 
topoisomerase recognition site. The first ds nucleic acid molecule, second ds nucleic acid 
molecule and topoisomerase are contacted under conditions that allow topoisomerase 
activity, i.e., such that the topoisomerase can bind to and cleave the recognition site, to 
produce a topoisomerase-charged 3 1 terminus, and can ligate the 3 1 terminus to an 
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appropriate 5 f terminus. Such conditions also allow hybridization of the portion of the 
first 5 1 target sequence that remains following cleavage by the topoisomerase and the 
5* nucleotide sequence of the first blunt end of the second ds nucleic acid molecule, 
wherein the 5 f nucleotide sequence of the first blunt end is complementary to that portion 
of the 5 ? target sequence. 

[0017] In one aspect of performing a method of the invention, the second end of the 
first precursor ds nucleic acid molecule is a blunt end upon cleavage by the 
topoisomerase, and the second end of the second ds nucleic acid molecule is a blunt end. 
In another aspect, the second end of the first precursor ds nucleic acid molecule has a 
3 1 thymidine extension upon cleavage by the topoisomerase, and the second end of the 
second ds nucleic acid molecule comprises a 3* adenosine or 3'-uridine, for example, 
deoxyuridine overhang. In yet another aspect, the first precursor ds nucleic acid 
molecule has a second 5 1 target sequence at the second end, and the second end of the 
second ds nucleic acid molecule has a 5 1 nucleotide sequence complementary to at least a 
portion of the second 5' target sequence. 

[0018] The first precursor ds nucleic acid molecule can be a vector, including a 
cloning vector and an expression vector, and, where the vector generally is available in a 
circular form, can be linearized due to the action of the topoisomerase, or can be 
linearized by including, for example, one or two restriction endonucleases that linearize 
the vector such that, upon contact with the topoisomerase, the first and second ds nucleic 
acid molecules can be directionally or non-directionally linked according to a method of 
the invention. The present invention also provides a directionally or non-directionally 
linked recombinant nucleic acid molecule produced according to a method of the 
invention, which can further include, for example, a step of introducing the directionally- 
linked recombinant nucleic acid molecule into a cell. Accordingly, the present invention 
also provides a cell containing such a directionally or non-directionally linked 
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recombinant nucleic acid molecule, as well as a transgenic non-human organism 
generated from such a cell. 

[0019] The first precursor ds nucleic acid molecule can include one or more (e.g., 1, 2, 
3, 4, 5, 6, 7, etc.) expression control elements, which can be operatively linked to each 
other, and the second ds nucleic acid molecule can encode all or a portion of an open 
reading frame, wherein the expression control element is operatively linked to the open 
reading frame in a directionally linked recombinant nucleic acid molecule generated 
according to a method of the invention. In addition, the second ds nucleic acid molecule 
can be one of a plurality of second ds nucleic acid molecules, for example, individual 
members of a cDNA library. 

[0020] A method for generating a directionally linked recombinant nucleic acid 
molecule also can be performed by contacting a topoisomerase-charged first ds nucleic 
acid molecule, which has, at a first end, a first 5 f overhang and a first topoisomerase 
covalently bound to the 3* terminus, and a second ds nucleic acid molecule, which has a 
first blunt end and a second end, wherein the first blunt end includes a 5' nucleotide 
sequence complementary to the first 5* overhang. The method is performed under 
conditions such that the 5 f nucleotide sequence of the first blunt end can selectively 
hybridize to the first 5 f overhang, whereby the first topoisomerase can covalently link the 
3 1 terminus of the first end of the first ds nucleic acid molecule with the 5* terminus of the 
first end of the second ds nucleic acid molecule. 

[0021] Such a method can further include contacting the topoisomerase-charged first 
ds nucleic acid molecule and the second ds nucleic acid molecule with a third ds nucleic 
acid molecule, wherein a first end of the third nucleic ds acid molecule has a 5 f overhang 
and a second topoisomerase covalently bound at the 3' terminus, and wherein the second 
ds nucleic acid molecule has a second blunt end, which includes a 5' nucleotide sequence 
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complementary to the second 5' overhang. The contacting can be performed, for 
example, under conditions such that the 5 f nucleotide sequence of the second blunt end of 
the second ds nucleic acid can selectively hybridize to the 5 1 overhang of the first end of 
the third ds nucleic acid molecule, whereby the second topoisomerase can covalently link 
the 3' terminus of the first end of the third ds nucleic acid molecule with the 5 f terminus 
of the second blunt end of the second ds nucleic acid molecule. Similarly, the method 
can be used to directionally or non-directionally link a fourth, fifth, sixth, or more 
ds nucleic acid molecules, wherein the ends of such ds nucleic acid molecules are 
selected as exemplified herein. The first and second (or other) topoisomerases can be the 
same or different and, if desired, the first or third ds nucleic acid molecules, instead of 
being topoisomerase-charged, can contain a topoisomerase recognition site, wherein the 
method can further include contacting the reactants with a topoisomerase. 

[0022] A method of the invention can be performed simultaneously or sequentially. A 
method of the invention can be performed sequentially, for example, such that the first 
ds nucleic acid molecule is directionally linked to the second ds nucleic acid molecule 
and, at a later time or in a different reaction vessel, the third ds nucleic acid molecule is 
directionally linked to the second ds nucleic acid molecule. Alternatively, the method 
can be performed simultaneous, wherein all of the reactants are included together at the 
same time. 

[0023] Methods of the invention are particularly useful for operatively linking two or 
more (e.g., 2, 3, 4, 5, 6, 7, 8, etc.) ds nucleic acid molecules, including, for example, 
operatively linking an expression control element to an open reading frame, or 
operatively linking a first and second open reading frame to generate a recombinant 
nucleic acid molecule encoding a fusion protein, which can be further operatively linked 
to one or more expression control element. For example, in practicing a method of the 
invention, a first ds nucleic acid molecule can include an expression control element, a 
second ds nucleic acid molecule can encode an open reading frame, and a third ds nucleic 
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acid molecule can encode a peptide, wherein, in the directionally linked recombinant 
nucleic acid molecule, the expression control element is operatively linked to the open 
reading frame, and the second ds nucleic acid molecule is operatively linked to the third 
ds nucleic acid molecule, and wherein the operatively linked second and third ds nucleic 
acid molecules encode a fusion protein comprising the open reading frame and the 
peptide. The peptide can be any peptide or polypeptide, including a gene product or 
other open reading frame, a tag (e.g., an affinity tag), a detectable label, and/or the like. 

[0024] The present invention also relates to a composition, which includes a first 
ds nucleic acid molecule having a first end and a second end, wherein the first end has a 
5 1 overhang and a topoisomerase covalently bound at the 3' terminus; and a second ds 
nucleic acid molecule having a first blunt end and a second end, wherein the first blunt 
end has a first 5* nucleotide sequence, which is complementary to the first 5 -overhang, 
and a first 3 1 nucleotide sequence complementary to the first 5 f nucleotide sequence. In 
such a composition, the first 5' nucleotide sequence of the first blunt end of the second ds 
nucleic acid molecule can be hybridized to the first 5 f overhang of the first end of the first 
nucleic acid molecule, wherein the first 3' nucleotide sequence of the first blunt end of 
the second ds nucleic acid molecule is displaced. The first ds nucleic acid molecule in 
such a composition can further have a second 5 f overhang at the second end, and the 
second end of the second ds nucleic acid molecule can further include a second 
5 1 nucleotide sequence, which is complementary to the second 5 f overhang, and a second 
3' nucleotide sequence complementary to the second 5' nucleotide sequence. 

[0025] The present invention also relates to kits, which contain one or more reagents 
useful for directionally linking ds nucleic acid molecules. In one embodiment, a kit of 
the invention contains a ds nucleic acid molecule having a first end and a second end, 
wherein the first end contains a first 5' overhang and a first topoisomerase covalently 
bound at the 3 f terminus, and the second end contains a second topoisomerase covalently 
bound at the 3 1 terminus and contains a second 5' overhang, a blunt end, or a 3' thymidine 
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overhang, wherein the first 5 1 overhang is different from the second 5' overhang. The 
topoisomerases can be the same or different, and the ds nucleic acid molecule can be a 
vector, and can contain an expression control element. 



[0026] In another embodiment, a kit of the invention contains a first ds nucleic acid 
molecule, which has a first topoisomerase covalently bound at a 3 ? terminus of a first end, 
and a second topoisomerase covalently bound at a 3 f terminus of a second end, wherein 
the first end also has a first 5 f overhang and the second end also has a blunt end, a 
3' thymidine overhang, or a second 5' overhang, wherein, when present, the second 
5' overhang is different from the first 5 1 overhang; and a plurality of second ds nucleic 
acid molecules, wherein each ds nucleic acid molecule in the plurality has a first blunt 
end, and wherein the first blunt end includes a 5' nucleotide sequence complementary to 
the first 5 f overhang of the first ds nucleic acid molecule. The second ds nucleic acid 
molecules in the plurality can be a plurality transcriptional regulatory elements, 
translational regulatory elements, or a combination thereof, or can encode a plurality of 
peptides such as peptide tags, cell compartmentalization domains, and the like. 



[0027] A kit of the invention can contain one or more (e.g., 1, 2, 3, 4, 5, 6, 7, 8, etc.) 
topoisomerase-charged ds nucleic acid molecules of the invention, for example, one or 
more (e.g., 1, 2, 3, 4, 5, 6, 7, 8, etc.) topoisomerase-charged vectors; one or more (e.g., 1, 
2, 3, 4, 5, 6, 7, 8, etc.) precursor ds nucleic acid molecules, which can be contacted with a 
topoisomerase to produce a topoisomerase-charged ds nucleic acid molecule of the 
invention; or a combination thereof. The kit also can contain one or more primers or 
primer pairs, for example, for preparing one or a plurality of second ds nucleic acid 
molecules using an amplification reaction; one or more control ds nucleic acid molecules 
to test or standardize the components of the kit; one or more cells, which can be, for 
example, competent cells into which a recombinant nucleic acid molecule generated 
according to a method of the invention can be introduced; one or more (e.g., 1, 2, 3, 4, 5, 
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6, 7, 8, etc.) reaction buffers for performing a method of the invention; instructions for 
carrying out the method; and the like. 



[0028] In one embodiment, a method for generating a directionally or non- 
directionally linked recombinant nucleic acid molecule is performed using a first ds 
nucleic acid molecule with one single stranded overhang, and one topoisomerase site or 
one topoisomerase bound thereto. In another embodiment, a third nucleic acid molecule 
is included. In accordance with this aspect of the invention, unique overhang sequences 
for the different ds nucleic acid molecules to be linked can be prepared having unique 
overhangs such that the nucleic acid molecules can be linked directionally and in any 
desired order. Similarly, the method can be used to link any number of nucleic acid 
molecules, including directionally linking two or more of the number of nucleic acid 
molecules. In certain embodiments involving a topoisomerase-charged ds nucleic acid 
molecule containing an expression control element, a third (or other) ds nucleotide 
sequence also can comprise one, two or more expression control elements or other 
sequence of interest. 



[0029] The present invention provides a method for the directional insertion of DNA 
fragments into cloning or expression vectors with the ease and efficiency of 
topoisomerase-mediated cloning. This method has advantages over current cloning 
systems because it decreases the laborious screening process necessary to identify cloned 
inserts in the desired orientation. In one aspect, the method utilizes a linearized 
expression vector having a single topoisomerase molecule covalently attached at both 
y ends. A first end of the linearized vector also can contain a 5* single stranded 
overhang, and the second end can be either blunt, possess a single 3' thymidine extension 
for T/A cloning, or can itself contain a second 5 f single stranded overhang sequence. The 
single stranded overhang sequences can be any convenient or desired sequence. 
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[0030] Construction of a topoisomerase-charged cloning vector can be accomplished 
by endonuclease digestion of the vector, followed by complementary annealing of 
synthetic oligonucleotides and site-specific cleavage of the heteroduplex by Vaccinia 
topoisomerase I. Digestion of a vector with any compatible endonuclease creates specific 
sticky ends. Custom oligonucleotides are annealed to these sticky ends, and possess 
sequences that, following topoisomerase I modification, form custom ends of the vector. 
The sequence and length of the single stranded overhang will vary based on the desires of 
the user. 



[0031] In a preferred use of the single strand sequence topoisomerase-charged 
ds nucleic acid vectors provided by the present invention, the DNA fragment to be 
inserted into the vector is an amplification reaction product such as a PCR product. 
Following PCR amplification with custom primers, the product can be directionally 
inserted into a topoisomerase I charged cloning vector having a single strand sequence on 
one or both ends of the insertion site. The custom primers can be designed such that at 
least one primer of a given primer pair contains an additional sequence at its 5 1 end. The 
added sequence is designed to be complementary to the sequence of the single stranded 
overhang in the vector. The complementarity between the 5' single stranded overhang in 
the vector and the 5 f end of the PCR product mediates the directional insertion of the 
PCR product into the topoisomerase-mediated vector. Specifically, since only one end of 
the vector and one end of the PCR product possess complementary single stranded 
sequence regions, the insertion of the product in this instance is directional, and 
topoisomerase can catalyze ligation of the PCR product to the vector. 



BRIEF DESCRIPTION OF THE FIGURES 
[0032] Figures 1A to IE depict a number of ds nucleic acid molecules that can be used 
to practice various aspects of the invention. The circled and boxed areas shown in these 
depictions indicate regions which contain sufficient nucleotide sequence complementarity 
to engage in strand invasion with each other. 
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[0033] Figure 1 A shows two ds nucleic acid molecules (labeled "first" and "second" 
molecules) which each contain one terminus that is capable of engaging in strand 
invasion with a terminus of the second molecule (see boxes). When a topoisomerase is 
used to covalently link (e.g., ligate) strands of each molecule, the 3 1 recessed strand of the 
terminus of the first molecule will generally be charged with topoisomerase. Further, this 
topoisomerase will generally catalyze the covalent linkage of the 3 1 recessed strand of the 
terminus of the first molecule to the 5 f strand of the second molecule with which it 
engages in strand invasion (i.e., the 5 1 terminus of the second nucleic acid molecule 
which is shown in the box). 

[0034] Figure IB shows two ds nucleic acid molecules (labeled "first" and "second" 
molecules), each of which contains two termini that are capable of engaging in strand 
invasion with termini of the other molecule. Further, each of these two nucleic acid 
molecules has a blunt terminus and a terminus with a 5' single stranded overhang (see 
circles and boxes). The nucleic acid molecules in this depiction can thus engage in two 
separate strand invasion events which, upon covalent linkage of nucleic acid strands at 
each termini, result in the formation of a single, circular nucleic acid molecule. Covalent 
linkage of the termini can be performed as described, for example, for Figure 1 A, above. 

[0035] Figure 1C shows two ds nucleic acid molecules (labeled "first" and "second" 
molecules), each of which contains two termini that are capable of engaging in strand 
invasion with different termini of the other molecule. Further, one of these molecules has 
two blunt termini and the other molecule has 5 f single stranded overhangs on each 
terminus. The molecules in this depiction can thus engage in two separate strand 
invasion events which, upon covalent linkage of nucleic acid strand at each termini, result 
in the formation of a circular nucleic acid molecule. Covalent linkage of the termini can 
be performed as described for Figure 1 A, above. 

[0036] Figure ID shows three ds nucleic acid molecules (labeled "first", "second" and 
"third" molecules). Two of these molecules ("first" and "third" molecules) contain 
5 ? single stranded overhangs which are capable of engaging in strand invasion with 
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different blunt termini of the other molecule ("second" molecule). The molecules in this 
depiction can thus engage in two separate strand invasion events, which result in the 
generation of a linear nucleic acid molecule composed of all three molecules. Covalent 
linkage of the termini can be performed as described for Figure 1 A, above. 

[0037] Figure IE shows nucleic acid molecules similar to those set out in Figure ID, 
above, except that one of the nucleic acid molecules ("second" molecule) has 
5 1 overhangs at both termini and the other two nucleic acid molecules ("first" and 
"second" molecules) each have two blunt termini. 

[0038] Figure 2 illustrates an aspect of the invention involving strand invasion of a 
first ds nucleic acid molecule with a substantially blunt end containing a topoisomerase at 
a 3' terminus of a first strand containing a 5 f tail upstream of a topoisomerase recognition 
site; and a second ds nucleic acid molecule having a 3' overhang complementary to the 
5' tail (see Cheng and Shuman, Mol. Cell. Biol. 20:8059-8068, 2000). The boxed areas 
shown in these depictions indicate regions which contain sufficient nucleotide sequence 
complementarity to engage in strand invasion with each other. 

[0039] Figure 3 provides the nucleotide sequence and the location of restriction 
endonuclease recognition sequences of the Multiple Cloning Site of pUni/V5-His 
version A (SEQ ED NO: 18), and a plasmid map of this 2.3 kb vector. EcoRI cloning site 
is located at nucleotide 471, and Sad cloning site is located at nucleotide 528. 

[0040] Figure 4 provides the nucleotide sequence and the location of restriction 
endonuclease recognition sequences of the Multiple Cloning Site of pCR 2.1, and a 
plasmid map of this vector. Hindlll cloning site is located at nucleotide 234, Spel is at 
nucleotide 258 and EcoRI is at nucleotide 283 and nucleotide 299. The vector is 
3906 nucleotides. LacZ alpha fragment: bases 1-587; M13 reverse priming site: 
bases 205-221; Multiple cloning site: bases 234-355; T7 promoter/priming site: bases 
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362-381; M13 forward (-20) priming site: bases 389-404; M13 Forward (-40) priming 
site: bases 408-424; fl origin: bases 546-960; kanamycin resistance ORF: bases 1294- 
2088; ampicillin resistance ORF: bases 2106-2966; ColEl origin: bases 311 1-3784. The 
illustrated vector represents the pCR®2.1 vector with a PCR product inserted by 
TA Cloning®. Note that the inserted PCR product is flanked on each side by EcoRI sites. 
The arrow indicates the start of transcription for the T7 RNA polymerase. 

[0041] Figure 5 provides the nucleotide sequence of the Vector pUni/V5-His version 
A sequence (SEQ ID NO: 16). 

[0042] Figure 6 illustrates digestion of pUni/V 5-His version A with EcoRI and Sad, 
and the resulting cohesive end sequences. The resulting cohesive end on the left side of 
the figure near the loxP element is the resulting cohesive end post EcoRI digestion. The 
resulting cohesive end on the right side of the figure near the V5 element is the resulting 
cohesive end post SacI digestion. Vector elements including a loxP, V5, and 6XHis 
element as well as a stop codon in frame with these elements are indicated. 

[0043] Figure 7 illustrates the addition of adapter oligonucleotides to the digested 
vector in the presence of DNA ligase. The reaction yields the exhibited linearized, 
adapted vector. Adapter sequences are underlined for demarcation. The four adaptor 
oligonucleotides have the following sequences: 

TOPO Dl: 5 l -AATTGATCCCTTCACCGACATAGTACAG-3 , (SEQ ID NO:5) 

TOPO D2: 3 *-CT AGGGAAGTGG-5 1 (SEQ ID NO:6) 

TOPO D3: 3 f -GACATGATACAGTTCCCGC-5 f (SEQ ID NO:8) 

TOPO D4: 5 ! -AAGGGCGAGCT-3' (SEQ ID NO:7) 

T4 ligation reaction will yield the indicated linearized cloning vector, adapter sequences 
are underlined for demarcation. 
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[0044] Figure 8 illustrates a topoisomerase cleavage reaction wherein following 
topoisomerase cleavage of the scissile strand, a phosphate bond in the non-scissile strand 
keeps the leaving group associated to the vector. In the reaction shown, topoisomerase is 
added to the depicted ds nucleic acid molecule. Topoisomerase binds CCCTT and breaks 
the adjacent phosphodiester bond. Phosphodiester bonds between the adapted vector and 
the annealing oligo in the non-scissile strand prevent the dissociation of the leaving group 
upon cleavage. In the double stranded DNA model illustrated, X and x represent 
complementary nucleotide bases. 

[0045] Figure 9 illustrates a topoisomerase cleavage reaction wherein following 
topoisomerase cleavage of the scissile strand, the lack of a phosphate bond in the 
non-scissile strand allows the leaving group to dissociate from the vector. In the reaction 
shown, topoisomerase is added to the depicted ds nucleic acid molecule. Topoisomerase 
binds CCCTT and breaks the adjacent phosphodiester bond. Lack of a phosphodiester 
bond between the adapted vector and the annealing oligo in the non-scissile strand allows 
the dissociation of the leaving group upon cleavage. In the double stranded DNA model 
illustrated, X and x represent complementary nucleotide bases. 

[0046] Figure 10 illustrates that addition of an annealing oligonucleotide to the 
linearized, adapted vector in the absence of DNA ligase yields the exhibited linearized, 
adapted and annealed vector. Note that the annealing oligonucleotide is not bound to the 
vector by a phosphate bond, thus, allowing dissociation following topoisomerase 
mediated cleavage. Adapter oligonucleotides are demarcated by a single underline, while 
annealing oligonucleotides are demarcated by a double underline. There are no 
phophodiester linkages between either of the TOPO D3s and their adjacent 
oligonucleotides TOPO D2 and TOPO D5 The annealing oligonucleotide has the 
following sequence and is complementary to both TOPO Dl's and TOPO D4's single 
stranded overhang: TOPO D3 S'-CTGTATCATGTCAAC-S' (SEQ ID NO: 10). 

Gray Cary\GT\6252717.2 
102894-23 



KEY DOCKET NO.: 
INVIT1300-1 



AT 




;y DOCKET NO.: 
INVIT1300-1 



[0047] Figure 1 1 shows an example of a linearized topoisomerase-charged ds nucleic 
acid cloning vector of the invention. The single stranded overhang corresponds to a 
Kozak transcription sequence. The vector illustrated is a linearized TOPO flap cloning 
vector, modified pUni/His version A. 

[0048] Figure 12 is the nucleotide sequence of vector pCR 2.1 sequence (SEQ ID 
NO: 17). 

[0049] Figures 13A and 13B show forms of the pCR2.1 @ vector. 

[0050] Figure 13 A shows pCR2.1® following restriction digestion with EcoRI and 
Hindlll (note the resulting sticky ends). Four adapter oligonucleotides were ligated to the 
linearized vector. TOPO binding sites on the oligonucleotides have the sequence CCCTT 
(underlined). Sticky end complementary bases are depicted in bold. The four adapter 
oligonucleotides had the following sequences: 

TOPO H: S'-AGCTCGCCCTTATTCCGATAGTG-S' (SEQ ID NO: 1 1); 
TOPO 16: 3 -GCGGGAATAAG (SEQ ID NO: 12); 

TOPO 1: 5'-AATTCGCCCTTATTCCGATAGTG-3' (SEQ ID NO: 13); and 
TOPO 2: 3'-GCGGGAA-5' 

TOPO H and TOPO 1 have 5' ends that complement the Hindlll and EcoRI sticky ends, 
respectively. 

[0051] Figure 13B shows the adapted version of pCR2.1® following incubation with 
the adapter oligos in the presence of T4 ligase. 

[0052] Figure 14 illustrates the addition of annealing oligonucleotides to the adapted 
pCR2.1® vector, followed by the binding of topoisomerase I and the topoisomerase 
mediated cleavage of the double stranded vector. The resulting vector is linear and 
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charged with topoisomerase I on both ends. Also, one end of the vector has the custom 
4 bp single stranded sequence, while the other end is blunt. In the initial reaction 
illustrated, topoisomerase binds and cleaves the double stranded DNA at the 5' end of the 
covalent binding site located near the ends of pCR2.1®, which contain the bound adapter 
and annealing oligonucleotides. This step is performed in the presence of T4 
polynucleotide kinase. The annealing oligonucleotides have the following sequences: 

TOPO 3: 3 '-T AAGGCT ATC AC AAC-5 ' (SEQ ID NO: 15); and 
TOPO 17: 3'-GCTATCAC-5' 

There are no phophodiester bonds formed between TOPO 3 and TOPO 2, or between 
TOPO 17 and TOPO 16. The annealing oligonucleotides are double underlined for 
demarcation. 

[0053] Figure 15 illustrates a second example of a linearized topoisomerase-charged 
ds nucleic acid cloning vector of the present invention. In this example the single 
stranded overhang sequence is 3'-TAAG-5'. This vector is the linearized, TOPO charged, 
FLAP vector, modified pCR2.1 @ . 

[0054] Figure 16 illustrates PCR amplification of a gene of interest using primers 
designed for directional cloning. The resulting product possesses the necessary single 
stranded overhang for directional cloning using a vector of the invention. The primer 
CACC depicted in the top illustration is homologous to the coding strand of the gene of 
interest, and has the "FLAP" sequence added to its 5* end. Standard PCR amplification of 
the gene of interest in the presence of the appropriate primers, including the CACC 
containing primer, gives the product depicted in the bottom illustration. The product is a 
double stranded gene of interest amplicon with flap sequence at its 5' end. 

[0055] Figure 17 illustrates double stranded nucleic acid vectors of the present 
invention, including a TOPO FLAP cloning vector, which possesses a single stranded 
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overhang, can facilitate insertion of amplified DNA towards proper orientation. Once 
correctly inserted, topoisomerase will ligate the product to the vector. 

DETAILED DESCRIPTION OF THE INVENTION 
[0056] The present invention provides compositions and methods of using strand 
invasion to directionally or non-directionally link two or more double stranded 
(ds) nucleic acid molecules. For example, the present invention provides a ds nucleic 
acid molecule having a first end and a second end, wherein the first end contains a first 
5' overhang and a first topoisomerase covalently bound at the 3 1 terminus, and the second 
end contains a second topoisomerase covalently bound at the 3' terminus and contains a 
second 5 1 overhang, a blunt end, a 3 ? uridine overhang, or a 3 ? thymidine overhang, 
wherein the first 5' overhang is different from the second 5 ! overhang. The first 
topoisomerase and second topoisomerase can be the same or different. The first 
5' overhang can have any nucleotide sequence, including, for example, the nucleotide 
sequence 5-GGTG. 

[0057] Aspects of the present invention modify topoisomerase-mediated cloning so as 
to allow DNA fragments, including PCR-generated ORFs, to be directionally inserted 
into cloning vectors, while maintaining the advantages provided by ligation using 
topoisomerase. The system greatly reduces the amount of work involved in screening to 
identify clones containing inserts in the desired orientation by enabling directional 
cloning efficiencies that are routinely in excess of 90%. The present invention 
streamlines high throughput gene expression operations and reduces costs associated with 
the screening process, and provides additional advantages. 

[0058] A topoisomerase-charged ds nucleic acid molecule of the invention generally 
has a single stranded overhang and a first topoisomerase covalently bound at or near a 
terminus of a first end. In addition, a topoisomerase-charged ds nucleic acid molecule of 
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the invention can include a second topoisomerase covalently bound at or near a terminus , 
of the second end. The single stranded overhang can be a 5* overhang, and each 
topoisomerase can be bound at or near one or both 3* termini. Where a topoisomerase is 
bound to one, or preferably both, 3 1 termini, the second end of the topoisomerase-charged 
ds nucleic acid molecule of the present invention typically is a blunt end, a 3' thymidine 
overhang, or a second 5 f overhang that is different from the first 5* overhang. 



[0059] As used herein, reference to a nucleic acid molecule having "a first end" and "a 
second end 11 means that the nucleic acid molecule is linear. The term "single stranded 
overhang" or "overhang" is used herein to refer to a strand of a ds nucleic acid molecule 
that extends beyond the terminus of the complementary strand of the ds nucleic acid 
molecule. The term "5 1 overhang" or "5 ? overhanging sequence" is used herein to refer to 
a strand of a ds nucleic acid molecule that extends in a 5' direction beyond the 3 ? terminus 
of the complementary strand of the ds nucleic acid molecule. The term "3 ? overhang" or 
"3* overhanging sequence" is used herein to refer to a strand of a ds nucleic acid molecule 
that extends in a 3 f direction beyond the 5 1 terminus of the complementary strand of the 
ds nucleic acid molecule. Conveniently, a 5' overhang can be produced as a result of site 
specific cleavage of a ds nucleic acid molecule by a type IB topoisomerase (see 
Examples 1 and 2). Similarly, a 3 f overhang can be produced upon cleavage of a 
ds nucleic acid molecule by a type LA or type II topoisomerase. 



[0060] The 3" overhang and 5 1 overhang can have any nucleotide sequence and can be 
any length ( e.g., 2, 3, 4, 5, 6, 7, 8, 9, 10, etc. nucleotides), but will generally be at least 
two nucleotides. The overhanging sequences can be selected such that the allow ligation 
of a predetermined end of one ds nucleic acid molecule to a predetermined end of a 
second nucleic acid molecule according to a method of the invention. Where the double 
stranded nucleic acid molecules are directionally linked, the 3 ! or 5* overhangs are 
generally not palindromic because ds nucleic acid molecules having palindromic 
overhangs can associate with each other, thus reducing the yield of a directionally linked 
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recombinant nucleic acid molecule comprising two or more ds nucleic acid molecules in 
a predetermined orientation. The overhang can comprise, for example, a nucleotide 
sequence of a transcriptional or translational regulatory element such as a promoter, 
Kozak sequence, start codon, or the like, or a complement of such a nucleotide 
sequence." 

[0061] A 3' overhang or 5 T overhang can include virtually any nucleotide or nucleotide 
analog or modified nucleotide that can hybridize with a complementary nucleotide 
residue, provided that at least a portion of the nucleotide sequence of the overhang can 
hybridize with the complementary sequence. Thus, the nucleosides in a overhang can 
include naturally occurring nucleotides such as purines (guanosine (G) or adenosine (A)), 
or pyrimidines (thymidine (T), uridine (U) or cytidine (C)). Additionally, the overhang 
can include substitutes for the nucleosides, for example, a nucleoside such as inosine, or a 
modified form of a nucleoside such as methyl guanosine, or a 5-halogenated pyrimidine 
nucleoside (e.g., 5-bromodeoxy uridine or 5-methyl deoxycytidine). If desired, the 
overhang can have a relatively high GC content, for example, the overhang can have a 
greater than 50% GC content, such as 66% GC or 75% GC or 80% GC or 100% GC 
content. In one embodiment, the overhang has the sequence 5-GGTG-3 1 . 

[0062] A 5' or 3 1 overhang of a first nucleic acid molecule, for example, can include 
one or two or a few nucleotide residues, for example, at the free terminus of the 
overhang, for which a complementary nucleotide residue is not present in the 
complementary sequence at or near the substantially blunt end of the second (or other) ds 
nucleic acid molecule to which it is being linked. Nevertheless, the overhang at the end 
of the first nucleic acid molecule can selectively hybridize to the complementary 
sequence of the second nucleic acid molecule due to the other nucleotide residues in the 
overhang. For example, where a 5 ! overhang consists of six nucleotides, the S'-most one 
or two nucleotides need not be complementary to the corresponding nucleotides in the 
complementary nucleotide sequence in the second nucleic acid molecule, but selective 
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hybridization nevertheless can occur due to the complementarity of the remaining four 
nucleotide residues. The number or specific positions of non-complementary nucleotide 
residues that can be in an overhang (or in the "complementary" sequence in the second 
nucleic acid molecule) without substantially reducing or inhibiting hybridization 
specificity can be determined using routine hybridization methods. 

[0063] The nucleotide residues of the overhang can include locked nucleic acid 
("LNA") analogues (Proligo; Boulder CO). LNA monomers are bicyclic compounds that 
are structurally similar to ribonucleosides. The term "Locked Nucleic Acid" was coined 
to emphasize that the furanose ring conformation is restricted in an LNA by a methylene 
linker that connects the 2'-0 position to the 4-C position. As used herein, all nucleic acid 
molecules containing one or more LNA modifications are referred to as LNA molecules. 
LNA oligomers obey Watson-Crick base pairing rules and hybridize to complementary 
oligonucleotides. LNA can provide vastly improved hybridization, stability, and 
increased thermal stability performance when compared to DNA and other nucleic acid 
derivatives in a number of situations (Koshkin et al., Tetrahedron 54:3607-30, 1998; 
Koshkin et al., J. Am. Chem. Soc. 120:13252-53, 1998; Wahlestedt et al., Proc. Natl. 
Acad. Sci„ USA 97:5633-38, 2000). 

[0064] It should be recognized that reference to a first end or a second end of a 
ds nucleic acid molecule is not intended to imply any particular orientation of the nucleic 
acid molecule, and is not intended to imply a relative importance of the ends with respect 
to each other. Where a nucleic acid molecule having a first end and second end is a 
double stranded nucleic acid molecule, each end contains a 5* terminus and a 3' terminus. 
Thus, reference is made herein, for example, to a nucleic acid molecule containing a 
topoisomerase recognition site at a 3 1 terminus and a hydroxyl group at the 5 1 terminus of 
the same end, which can be the first end or the second end. 
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[0065] Topoisomerase when bound to a nucleic acid molecule, will generally be 
bound "at or near" a terminus of a ds nucleic acid molecule. The term "at or near" when 
used with respect to a topoisomerase, means that the topoisomerase is covalently bound 
to one strand of a ds nucleic acid molecule such that it can ligate the terminus of the 
strand to which it is bound, to a second nucleic acid molecule containing a free 
5' terminal hydroxyl group. Generally, the topoisomerase is "at or near" an end by virtue 
of being covalently bound to one terminus of the end. For example, where the 
topoisomerase is a type IB topoisomerase such as a Vaccinia topoisomerase, the 
topoisomerase is bound at the 3 ! terminus of an end of a ds nucleic acid molecule. 
However, an end having a topoisomerase covalently bound to a terminus of the end also 
can contain a single stranded overhang sequence in the complementary strand, thus 
extending beyond the terminus to which the topoisomerase is bound. Such a 
topoisomerase is an example of a topoisomerase near an end of the ds nucleic acid 
molecule. 

[0066] As used herein, the term "isolated," when used in reference to a molecule, 
means that the molecule is in a form other than that in which it exists in nature. In 
general, an isolated nucleic acid molecule, for example, can be any nucleic acid molecule 
that is not part of a genome in a cell, or is separated physically from a cell that normally 
contains the nucleic acid molecule. It should be recognized that various compositions of 
the invention comprise a mixture of isolated ds nucleic acid molecules. As such, it will 
be understood that the term "isolated" only is used in respect to the isolation of the 
molecule from its natural state, but does not indicate that the molecule is an only 
constituent. 

[0067] Topoisomerases are a class of enzymes that modify the topological state of 
DNA via the breakage and rejoining of DNA strands (Shuman et al., U.S. Pat. No. 
5,766,891, incorporated herein by reference). Topoisomerases are categorized as type I, 
including type LA and type IB topoisomerases, which cleave a single strand of a double 
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stranded nucleic acid molecule, and type II topoisomerases (gyrases), which cleave both 
strands of a nucleic acid molecule. As disclosed herein, type I and type II 
topoisomerases, as well as catalytic domains and mutant forms thereof, are useful for 
generating directionally linked recombinant nucleic acid molecules according to a 
method of the invention. Type II topoisomerases have not generally been used for 
generating recombinant nucleic acid molecules or cloning procedures, whereas 
type IB topoisomerases, are used in a variety of procedures. 



[0068] Type IA and IB topoisomerases cleave one strand of a ds nucleic acid 
molecule. Cleavage of a ds nucleic acid molecule by type IA topoisomerases generates a 
5' phosphate and a 3' hydroxyl at the cleavage site, with the type I A topoisomerase 
covalently binding to the 5* terminus of a cleaved strand. In comparison, cleavage of a 
ds nucleic acid molecule by type IB topoisomerases generates a 3 f phosphate and a 
5' hydroxyl at the cleavage site, with the type IB topoisomerase covalently binding to the 
3' ferminus of a cleaved strand. Type IA topoisomerases include, for example, E. coli 
topoisomerase I and topoisomerase III, eukaryotic topoisomerase II, and archeal reverse 
gyrase (see Berger, Biochim. Biophys. Acta 1400:3-18, 1998, which is incorporated 
herein by reference). 

[0069] Type IB topoisomerases include the nuclear type I topoisomerases present in 
all eukaryotic cells and those encoded by Vaccinia and other cellular poxviruses (see 
Cheng et al., Cell 92:841-850, 1998, which is incorporated herein by reference). The 
eukaryotic type IB topoisomerases are exemplified by those expressed in yeast, 
Drosophila and mammalian cells, including human cells (see Caron and Wang, Adv. 
Pharmacol. 29B,:271-297, 1994; Gupta et al., Biochim. Biophys. Acta 1262:1-14, 1995, 
each of which is incorporated herein by reference; see, also, Berger, supra, 1998). Viral 
type IB topoisomerases are exemplified by those produced by the vertebrate poxviruses 
(Vaccinia, Shope fibroma virus, ORF virus, fowlpox virus, and molluscum contagiosum 
virus), and the insect poxvirus (Amsacta moorei entomopoxvirus) (see Shuman, Biochim 
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Biophvs. Acta 1400:321-337, 1998; Petersen et al, Virology 230:197-206, 1997; Shuman 
and Prescott, Proc. Natl. Acad. Sci.. USA 84:7478-7482, 1987; Shuman, J. Biol. Chem. 
269:32678-32684, 1994; U.S. Pat. No. 5,766,891; PCT/US95/16099; PCT/US98/12372, 
each of which is incorporated herein by reference; see, also, Cheng et al., supra, 1998). 

[0070] Type II topoisomerases include, for example, bacterial gyrase, bacterial DNA 
topoisomerase IV, eukaryotic DNA topoisomerase II, and T-even phage encoded DNA 
topoisomerases (Roca and Wang, Cell 71 :833-840, 1992; Wang, J. Biol. Chem. 266:6659- 
6662, 1991, each of which is incorporated herein by reference; Berger, supra, 1998). 
Like the type IB topoisomerases, the type II topoisomerases have both cleaving and 
ligating activities. In addition, like type IB topoisomerase, substrate ds nucleic acid 
molecules can be prepared such that the type II topoisomerase can form a covalent 
linkage to one strand at a cleavage site. For example, calf thymus type II topoisomerase 
can cleave a substrate ds nucleic acid molecule containing a 5 ? recessed topoisomerase 
recognition site positioned three nucleotides from the 5' end, resulting in dissociation of 
the three nucleic acid molecule 5 1 to the cleavage site and covalent binding of the 
topoisomerase to the 5* terminus of the ds nucleic acid molecule (Andersen et al., supra, 
1991). Furthermore, upon contacting such a type II topoisomerase-charged ds nucleic 
acid molecule with a second nucleic acid molecule containing a 3 1 hydroxyl group, the 
type II topoisomerase can ligate the sequences together, and then is released from the 
recombinant nucleic acid molecule. As such, type II topoisomerases also are useful for 
performing methods of the invention. 

[0071] Structural analysis of topoisomerases indicates that the members of each 
particular topoisomerase families, including type IA, type IB and type II topoisomerases, 
share common structural features with other members of the family (Berger, supra, 
1998). In addition, sequence analysis of various type IB topoisomerases indicates that 
the structures are highly conserved, particularly in the catalytic domain (Shuman, supra, 
1998; Cheng et al., supra, 1998; Petersen et al., supra 1997). For example, a domain 
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comprising amino acids 81 to 314 of the 314 amino acid Vaccinia topoisomerase shares 
substantial homology with other type IB topoisomerases, and the isolated domain has 
essentially the same activity as the full length topoisomerase, although the isolated 
domain has a slower turnover rate and lower binding affinity to the recognition site (see 
Shuman, supra, 1998; Cheng et al. 5 supra, 1998). In addition, a mutant Vaccinia 
topoisomerase, which is mutated in the amino terminal domain (at amino acid residues 
70 and 72) displays identical properties as the full length topoisomerase (Cheng et al., 
supra, 1998). In fact, mutation analysis of Vaccinia type IB topoisomerase reveals a large 
number of amino acid residues that can be mutated without affecting the activity of the 
topoisomerase, and has identified several amino acids that are required for activity 
(Shuman, supra, 1998). In view of the high homology shared among the Vaccinia 
topoisomerase catalytic domain and the other type IB topoisomerases, and the detailed 
mutation analysis of Vaccinia topoisomerase, it will be recognized that isolated catalytic 
domains of the type IB topoisomerases and type IB topoisomerases having various amino 
acid mutations can be used in the methods of the invention and thus are considered to be 
topoisomerases for purposes of the present invention. 

[0072] The various topoisomerases exhibit a range of sequence specificity. For 

example, type II topoisomerases can bind to a variety of sequences, but cleave at a highly 
specific recognition site (see Andersen et al., J. Biol. Chem. 266:9203-9210, 1991, which 
is incorporated herein by reference.). In comparison, the type IB topoisomerases include 
site specific topoisomerases, which bind to and cleave a specific nucleotide sequence 
("topoisomerase recognition site"). Upon cleavage of a ds nucleic acid molecule by a 
topoisomerase, for example, a type IB topoisomerase, the energy of the phosphodiester 
bond is conserved via the formation of a phosphotyrosyl linkage between a specific 
tyrosine residue in the topoisomerase and the 3' nucleotide of the topoisomerase 
recognition site. Where the topoisomerase cleavage site is near the 3 f terminus of the 
nucleic acid molecule, the downstream sequence (3 f to the cleavage site) can dissociate, 
leaving a nucleic acid molecule having the topoisomerase covalently bound to the newly 
generated 3 1 end (see FIG. 9). 
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[0073] The covalently bound topoisomerase also can catalyze the reverse reaction, for 
example, covalent linkage of the 3* nucleotide of the recognition sequence, to which a 
type EB topoisomerase is linked through the phosphotyrosyl bond, and a nucleic acid 
molecule containing a free 5 f hydroxyl group. As such, methods have been developed for 
using a type IB topoisomerase to produce recombinant nucleic acid molecules. As such, 
cloning vectors containing a bound type IB topoisomerase have been developed and are 
commercially available (Invitrogen Corp., Carlsbad CA). Such cloning vectors, when 
linearized, contain a covalently bound type IB topoisomerase at each 3 f end 
("topoisomerase-charged"). Nucleic acid molecules such as those comprising a cDNA 
library, or restriction fragments, or sheared genomic DNA sequences that are to be cloned 
into such^ xN ^tor are treated, for example, with a phosphatase to produce 5* hydroxyl 
te" . > y *dded to the linearized vector under conditions that allow the 

topoisomerase to ligate the nucleic acid molecules at the 5* terminus containing the 
hydroxyl group and the 3' terminus containing the covalently bound topoisomerase. A 
nucleic acid molecule such as a PCR amplification product, which is produced containing 
5 1 hydroxyl ends, can be cloned into a topoisomerase-charged vector in a rapid joining 
reaction (approximately 5 min at room temperature). The rapid joining and broad 
temperature range inherent to the topoisomerase joining reaction makes the use of 
topoisomerase-charged vectors ideal for high throughput applications, which generally 
are performed using automated systems. 

[0074] Vaccinia virus encodes a 314 amino acid type I topoisomerase enzyme capable 
of site- specific single-strand nicking of double stranded DNA, as well as 5' hydroxyl 
driven religation. Site-specific type I topoisomerases include, but are not limited to, viral 
topoisomerases such as pox virus topoisomerase. Examples of pox virus topoisomerases 
include Shope fibroma virus and ORF virus. Other site-specific topoisomerases are well 
known to those skilled in the art and can be used to practice this invention. 
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[0075] Vaccinia topoisomerase binds to duplex DNA and cleaves the phosphodiester 
backbone of one strand while exhibiting a high level of sequence specificity. Cleavage 
occurs at a consensus pentapyrimidine element 5 f -(C/T)CCTT>l, or related sequences in 
the scissile strand. In one embodiment the scissile bond is situated in the range of 2 to 
12 bp from the 3 1 end of the duplex DNA. In another embodiment cleavable complex 
formation by Vaccinia topoisomerase requires six duplex nucleotides upstream and two 
nucleotides downstream of the cleavage site. Examples of Vaccinia topoisomerase 
cleavable sequences include, but are not limited to, +6/-6 duplex G CCCTT ATTCCC 
(SEQ ID NO:l), +8/-4 duplex TCG CCCTT ATTC (SEQ ID NO:2), +10/-2 duplex 
TGTCG CCCTT AT (SEQ ID NO:3), +1 1/-1 duplex GTGTCG CCCTT A (SEQ ID NO:4). 

[0076] Examples of other site-specific type I topoisomerases are well known in the 
art. These enzymes are encoded by many organisms including, but not limited to 
Saccharomyces cerevisiae, Saccharomyces pombe and Tetrahymena, however, the 
topoisomerase I enzymes of these species have less specificity for a consensus sequence 
than does the Vaccinia topoisomerase. (Lynn et al., Proc. Natl. Acad. Sci. USA 86: 
3559-3563, 1989; Eng et al., J. Biol. Chem. 264: 13373-13376, 1989; Busk et al., Nature 
327: 638-640, 1987). 

[0077] The compositions and methods of the invention are exemplified generally 
herein with reference to the use of type IB topoisomerase such as the Vaccinia 
topoisomerase. However, it will be recognized that the methods also can be performed 
using other topoisomerases merely by adjusting the components accordingly. For 
example, as described in greater detail below, methods are disclosed for incorporating a 
type IB topoisomerase recognition site at one or both 3 f termini of a ds nucleic acid 
molecule. Accordingly, in view of the present disclosure, the artisan will recognize that a 
topoisomerase recognition site for a type IA or type II topoisomerase similarly can be 
incorporated into a ds nucleic acid molecule. 
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[0078] A topoisomerase-charged ds nucleic acid molecule that contains a 5 1 overhang 
on a first end generally contains a topoisomerase covalently bound to the 3 f terminus of 
the first end. A ds nucleic acid containing a 5 f overhang and first topoisomerase at a first 
end, also can contain a second topoisomerase covalently bound to the second end. The 
topoisomerase covalently bound to the first end can be the same as or different from the 
topoisomerase covalently bound to the second end. Thus, a Vaccinia topoisomerase can 
be covalently bound to a first end and another poxvirus or eukaryotic nuclear type IB 
topoisomerase can be bound to the second end. Generally, where the topoisomerases at 
each end are different, they are members of the same general family, for example, type LA 
or type IB or type II topoisomerase. 

[0079] In one embodiment, a topoisomerase-charged double stranded nucleic acid 
molecule of the invention is a vector, which can be a cloning vector or an expression 
vector. The vector can include elements such as a bacterial origin of replication, a 
eukaryotic origin of replication, antibiotic resistance genes, and the like, and can further 
include topoisomerase recognition sites or topoisomerase-charged ends or a combination 
thereof. Such vectors of the invention can conveniently be packaged into kits as 
disclosed herein. A vector of the invention can be a plasmid vector, a cosmid vector, an 
artificial chromosome (e.g., a bacterial artificial chromosome, a yeast artificial 
chromosome, a mammalian artificial chromosome, etc.) or a viral vector such as a 
bacteriophage, baculovirus, retrovirus, lentivirus, adenovirus, Vaccinia virus, semliki 
forest virus and adeno-associated virus vector, all of which are well known and can be 
purchased from commercial sources (Promega, Madison WI; Stratagene, La Jolla CA; 
GIBCO/BRL, Gaithersburg MD). Viral expression vectors can be particularly useful 
where a method of the invention is practiced for the purpose of generating a directionally 
linked recombinant nucleic acid molecule that is to be introduced into a cell, particularly 
a cell in a subject. Viral vectors provide the advantage that they can infect host cells with 
relatively high efficiency and can infect specific cell types or can be modified to infect 
particular cells in a host. 
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[0080] Viral vectors have been developed for use in particular host systems and 
include, for example, baculovirus vectors, which infect insect cells; retroviral vectors, 
other lentivirus vectors such as those based on the human immunodeficiency virus (HIV), 
adenovirus vectors, adeno-associated virus (AAV) vectors, herpesvirus vectors, Vaccinia 
virus vectors, and the like, which infect mammalian cells (see Miller and Rosman, 
BioTechniques 7:980-990, 1992; Anderson et al., Nature 392:25-30 SuppL, 1998; Verma 
and Somia, Nature 389:239-242, 1997; Wilson, New Engl. J. Med. 334:1185-1187, 1996, 
each of which is incorporated herein by reference). For example, a viral vector based on 
an HIV can be used to infect T cells, a viral vector based on an adenovirus can be used, 
for example, to infect respiratory epithelial cells, and a viral vector based on a 
herpesvirus can be used to infect neuronal cells. Other vectors, such as AAV vectors can 
have greater host cell range and, therefore, can be used to infect various cell types, 
although viral or non- viral vectors also can be modified with specific receptors or ligands 
to alter target specificity through receptor mediated events. 

[0081] A linearized vector of the invention, which is topoisomerase-charged or 
contains topoisomerase recognition sites can be generated using methods as disclosed 
herein or otherwise known in the art. For example, a circular vector can be linearized, 
and modified by ligating or hybridizing one or more oligonucleotides, to generate a 
topoisomerase recognition site, or a cleavage product thereof, and a target 5 1 sequence or 
5 f overhang, at one or both ends (see Examples 1 and 2). The vector also can contain, for 
example, expression control elements required for replication in a prokaryotic host cell, a 
eukaryotic host cell, or both, and can contain a nucleotide sequence encoding a 
polypeptide that confers antibiotic resistance or the like, or such elements can be 
introduced into the vector using the methods of the invention. Furthermore, the vector 
can contain one, two, or more site specific integration recognition site such as an att site 
or lox site. The incorporation, for example, of attB or attP sequences into an isolated 
nucleic acid molecule of the present invention allows for the convenient manipulation of 
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the nucleic acid molecule using the GATEWAY™ Cloning System (Invitrogen Corp., La 
Jolla CA). 

[0082] The invention provides a modified cloning vector having an overhanging 
single stranded piece of DNA charged with topoisomerase. The modified vector allows 
the directional insertion of linear ds nucleic acid molecules, for example PCR amplified, 
or otherwise suitable ORFs, for subsequent expression, and takes advantage of 
topoisomerase cloning efficiency. As used herein, the term donor signifies molecules 
such as a duplex DNA which contains a 5-CCCTT cleavage site near the 3' end, and the 
term acceptor signifies a duplex DNA which contains a 5 -OH terminus. Once covalently 
activated by topoisomerase the donor will be transferred to those acceptors to which it 
has single strand sequence complementation. 

[0083] According to the present invention, in particular embodiments topoisomerase- 
modified vectors are further adapted to contain at least one 5' single-stranded overhang 
sequence to facilitate the directional insertion of DNA segments. A nucleic acid 
molecule to be cloned into such a vector can be a PCR product constituting an ORF, 
which can be expressed from the resultant recombinant vector. The primers used for 
amplifying the ORF are designed such that at least one primer of the primer pair contains 
an additional sequence at its 5 ! end. This sequence is designed to be complementary to 
the sequence of the 5* single-stranded overhang present in the topoisomerase-modified 
vector of the present invention. 

[0084] The present invention generally provides methods for generating a 
directionally or non-directionally linked recombinant nucleic acid molecule, by using a 
strand invasion event and a ligation event to link, in a directional or non-directional 
manner, a first nucleic acid molecule and at least a second nucleic acid molecule. As 
used herein, the term "strand invasion" refers to the displacement of one strand of a first 



Gray Cary\GTV6252717.2 
102894-23 



AT^WEY DOCKET NO.: 
INVIT1300-1 

34 

double stranded nucleic acid molecule by a single stranded portion of a second nucleic 
acid molecule, wherein the single strand has nucleotide sequence that is substantially 
identical to the displaced strand and can selectively hybridize to the strand 
complementary to the displaced strand. 



[0085] A method for generating a directionally or non-directionally linked 
recombinant nucleic acid molecule can be performed, for example, by contacting a first 
ds nucleic acid molecule having a first overhang on a first strand (e.g., a 3' or 5 f strand) at 
a first end; and a second ds nucleic acid molecule having a first substantially blunt end 
and a second end, wherein a nucleotide sequence that is complementary to the first 
overhang of the first end of the first nucleic acid molecule, is present at or near the first 
substantially blunt end. The method is performed under conditions such that the first 
overhang can selectively hybridize to the complementary nucleotide sequence of the first 
substantially blunt end of the second ds nucleic acid molecule, and the first end of the 
first ds nucleic acid molecule and the first end of the second ds nucleic acid molecule can 
be linked. The first overhang can be a 3* overhang or a 5* overhang. The invention further 
provides precursor nucleic acid molecules which can be used to prepare molecules 
suitable for use in the method described above. The invention also provides nucleic acid 
molecules prepared by the above method. 



[0086] Figure 1 illustrates examples of ways in which the methods of the invention 
can be used to generate a covalently linked recombinant nucleic acid molecule. The 
boxes and circles in Figure 1 are used to depict regions of sequence complementarity 
such that a strand displacement event can occur. The other end of the ds nucleic acid 
molecules, which do not necessarily (but can) involve a strand displacement event, can 
have any structure, including, can be substantially blunt or can include a 3 f or 
5' overhang. Other combinations of blunt ends and/or overhangs on the first, second, 
third, etc. ds nucleic acid molecules can be linked according to the methods of the 
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invention and will be evident to those in the art based, in part, on the examples provided 
in Figure 1 . 



[0087] As shown in Figure 1 A, a method for generating a directionally or 
non-directionally linked recombinant nucleic acid molecule can be performed, for 
example, by contacting a first ds nucleic acid molecule, which has a first overhang on a 
first strand at a first end; a second ds nucleic acid molecule, which has a first 
substantially blunt end and a second end, wherein the first substantially blunt end has a 
nucleotide sequence that is complementary to the first overhang of the first end of the 
first nucleic acid molecule; and a reagent for ligating the nucleic acid molecules (e.g., a 
reagent comprising a topoisomerase, a ligase, or a recombinase). The method is 
performed under conditions such that the first overhang can selectively hybridize to the 
complementary nucleotide sequence of the first substantially blunt end of the second ds 
nucleic acid molecule. Furthermore, the method is performed in the presence of a reagent 
that can ligate a 5 f strand of one nucleic acid molecule to a 3' strand of a second nucleic 
acid molecule, and under conditions such that the 3 ! terminus of the first end of the first 
ds nucleic acid molecule and the 5' terminus of the first end of the second ds nucleic acid 
molecule are linked. In various modifications of the method described above, as well as 
in other methods described above, the first overhang can be a 3 1 overhang or a 
5' overhang. 



[0088] As shown in Figure IB, a method for generating a linked, for example 
directionally linked, recombinant nucleic acid molecule can be performed by contacting a 
first ds nucleic acid molecule with a first overhang on a first strand at a first end and a 
second substantially blunt end; and a second ds nucleic acid molecule, which has a first 
substantially blunt end and a second end which has a second overhang, wherein the first 
substantially blunt end of the second ds nucleic acid molecule has a nucleotide sequence 
that is complementary to the first overhang of the first end of the first nucleic acid 
molecule, and wherein the second substantially blunt end of the first nucleic acid 
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molecule has a nucleotide sequence that is complementary to the second overhang of the 
second end of the second ds nucleic acid molecule. The method is performed under 
conditions such that the first overhang can selectively hybridize to the complementary 
nucleotide sequence of the first substantially blunt end of the second ds nucleic acid 
molecule, and wherein the second overhang can selectively hybridize to the 
complementary nucleotide sequence of the second substantially blunt end of the first ds 
nucleic acid molecule. Furthermore, the method may be performed in the presence of a 
reagent which can catalyze the ligation of a 3 f strand of one nucleic acid molecule to a 
5 ! strand of another nucleic acid molecule, and under conditions such that the 3' terminus 
of the first end of the first ds nucleic acid molecule is linked to the 5' terminus of the first 
end of the second ds nucleic acid molecule, and the 3* terminus of the second 
substantially blunt end of the first ds nucleic acid molecule is linked to the 5 1 terminus of 
the second end of the second ds nucleic acid molecule. In various modifications of the 
method described above, one or both the first and second overhangs can be 3' overhangs 
or 5' overhangs. The ds nucleic acid molecules can thus engage in two separate strand 
invasion events which, upon covalent linkage of nucleic acid strands at each termini, 
result in the formation of a circular recombinant nucleic acid molecule. 



[0089] As shown in Figure 1C, a method for generating a linked, for example 
directionally linked, recombinant nucleic acid molecule can be performed, for example, 
by contacting a first ds nucleic acid molecule with a first overhang on a first strand at a 
first end and a second end having a second overhang; and a second ds nucleic acid 
molecule, which has a first substantially blunt end and a second substantially blunt end, 
wherein the first substantially blunt end of the second ds nucleic acid molecule has a 
nucleotide sequence that is complementary to the first overhang of the first end of the 
first nucleic acid molecule, and wherein the second substantially blunt end of the second 
nucleic acid molecule has a nucleotide sequence that is complementary to the second 
overhang of the second end of the first ds nucleic acid molecule. The method may be 
performed under conditions such that the first overhang can selectively hybridize to the 
complementary nucleotide sequence of the first substantially blunt end of the second ds 
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nucleic acid molecule, and wherein the second overhang can selectively hybridize to the 
complementary nucleotide sequence of the second substantially blunt end of the second 
ds nucleic acid molecule. Furthermore, the method is performed under conditions such 
that the first end of the first ds nucleic acid molecule is linked to the first end of the 
second ds nucleic acid molecule, and the second end of the first ds nucleic acid molecule 
is linked to the second substantially blunt end of the second ds nucleic acid molecule. In 
various modifications of the method described above, one or both the first and second 
overhangs can be 3' overhangs or 5' overhangs. The ds nucleic acid molecules can thus 
engage in two separate strand invasion events, which, upon covalent linkage of nucleic 
acid strands at each termini, result in the formation of a circular recombinant nucleic acid 
molecule. 



[0090] As shown in Figure ID, a method for generating a linked, for example 
directionally linked, recombinant nucleic acid molecule can be performed, for example, 
by contacting a first ds nucleic acid molecule, which has a first overhang on a first strand 
at a first end; a second ds nucleic acid molecule, which has a first substantially blunt end 
and a second substantially blunt end; and a third ds nucleic acid molecule which has a 
second overhang on a first strand at a first end, wherein the first substantially blunt end of 
the second ds nucleic acid molecule has a nucleotide sequence that is complementary to 
the first overhang, and the second substantially blunt end of the second ds nucleic acid 
molecule has a nucleotide sequence that is complementary to the second overhang. The 
method is performed under conditions such that the first overhang can selectively 
hybridize to the complementary nucleotide sequence of the first substantially blunt end of 
the second ds nucleic acid molecule, and wherein the second overhang can selectively 
hybridize to the complementary nucleotide sequence of the second substantially blunt end 
of the second ds nucleic acid molecule. Furthermore, the method may be performed 
under conditions such that the first end of the first ds nucleic acid molecule is linked to 
the first end of the second ds nucleic acid molecule, and the first end of the third ds 
nucleic acid molecule is linked to the second substantially blunt end of the second ds 
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nucleic acid molecule. In various modifications of the method described above, one or 
both the first and second overhangs can be 3 f overhangs or 5 f overhangs. 



[0091] As shown in Figure IE, a method for generating a linked, for example 

directionally linked, recombinant nucleic acid molecule can be performed, for example, 
by contacting a first ds nucleic acid molecule, which has a first substantially blunt end; a 
second ds nucleic acid molecule which has a first overhang on a first strand at a first end 
and a second overhang on a second strand at a second end; and third ds nucleic acid 
molecule, which has a second substantially blunt end, wherein the first substantially blunt 
end of the first ds nucleic acid molecule has a nucleotide sequence that is complementary 
to the first overhang of the first end of the second nucleic acid molecule, and wherein the 
second substantially blunt end has a nucleotide sequence that is complementary to the 
second overhang of the second end of the second ds nucleic acid molecule. The method 
is performed under conditions such that the first overhang can selectively hybridize to the 
complementary nucleotide sequence of the first substantially blunt end of the first ds 
nucleic acid molecule, and wherein the second overhang can selectively hybridize to the 
complementary nucleotide sequence of the second substantially blunt end. Furthermore, 
the method may be performed under conditions such that the first substantially blunt end 
of the first ds nucleic acid molecule is linked to the first end of the second ds nucleic acid 
molecule, and the second substantially blunt end, located on the third ds nucleic acid 
molecule, is linked to the second end of the second ds nucleic acid molecule. In various 
modifications of the method described above, one or both the first and second overhangs 
can be 3' overhangs or 5' overhangs. 



[0092] A method for generating a directionally or non-directionally linked 
recombinant nucleic acid molecule can be performed, for example, by contacting a first 
ds nucleic acid molecule, which has a first topoisomerase covalently bound at or near a 
first substantially blunt end; and a second ds nucleic acid molecule, which has a first 
3 1 overhang on a first strand at a first end, wherein the first substantially blunt end of the 
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first ds nucleic acid molecule has a nucleotide sequence that is complementary to the first 
3 1 overhang (see Figure 2). The.method is performed under conditions such that the first 
3 f overhang can selectively hybridize to the complementary nucleotide sequence of the 
first substantially blunt end of the first ds nucleic acid molecule. Furthermore, the 
method is performed such that topoisomerase can covalently link the 3 1 terminus of the 
first end of the first ds nucleic acid molecule to the 5 f terminus of the first end of the 
second ds nucleic acid molecule (Cheng and Shuman, Mol. Cell. Biol. 20:8059-8068, 
2000, which is incorporated herein by reference in its entirety). 

[0093] The ability of a topoisomerase covalently bound at or near a first substantially 
blunt end of a first ds nucleic acid molecule to covalently linked to a second ds nucleic 
acid molecule with a 3 f overhang (Figure 2) illuminates a previously unappreciated 
conformational flexibility of covalently bound topoisomerase with respect to its DNA 
contacts on the 5 1 side of the scissile phosphodiester. In catalyzing the relaxation of 
supercoiled DNA, covalently bound topoisomerase type IB releases the downstream 
duplex and permits rotation of the duplex around the phosphodiester bond opposite the 
scissile phosphate before resealing the backbone. 

[0094] A method of the present invention can be performed in a manner that obviates 
the need to perform an additional reaction to repair a remaining nick after the homology 
dependent ligation, by substantially replacing one strand of a nucleic acid molecule (see 
Figure 2). For example, the methods can be performed such that the overhang sequence 
of one nucleic acid molecule extends the entire length of and, upon strand invasion, 
replaces a strand of the other ds nucleic acid molecule. Thus, in this embodiment, there 
is no nick in the strand that was not ligated by the topoisomerase. 

[0095] The termini of the ds nucleic acid molecules that are linked using the methods 
of the current invention can be covalently linked, using any reagent useful for linking a 
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5' terminus of a one nucleic acid molecule to a 3 1 terminus of a second nucleic acid 
molecule. Thus, the reagent for covalently linking the termini can be, for example, a 
topoisomerase, including a type IA, type EB or type II topoisomerase; a ligase such as 
T4 DNA ligase; a recombinase, including FLIP recombinase, Int integrase, or ere 
recombinase; or another INT family member (see, for example, Nucl. Acids Res. 26:391- 
406, 1998). Furthermore, where one nick remains after a ligation of one strand, the nick 
can be closed by an in vivo ligation, for example by introduction into a cell, such as 
E. coli, of the nicked ds nucleic acid molecule. In certain preferred embodiments, the 
linking of the two ends involved in a strand displacement event involves topoisomerase 
ligation. Furthermore, in a method as disclosed for linking a first ds nucleic acid 
molecule and a second ds nucleic acid molecule, a third nucleic acid molecule also can be 
linked to an end of the first or second nucleic acid molecule that is not involved in a 
strand displacement event. 



[0096] Methods of the present invention can be performed to link a first ds nucleic 
acid molecule to at least a second ds nucleic acid molecule in a non-directional or, 
preferably, a directional manner. However, the methods can be used to non-directionally 
link the first ds nucleic acid molecule and the second ds nucleic acid molecule in 
embodiments where complementarity exists between nucleotide sequences at or near a 
terminus of both ends of one of the ds nucleic acid molecules and nucleotide sequences at 
or near a terminus of at least one end of the other ds nucleic acid molecule. Such 
complementarity between nucleotide sequences at or near a terminus of both ends of one 
ds nucleic acid molecule and at least one strand of the second ds nucleic acid molecule 
can be achieved, for example, by including identical nucleotide sequences at the same 
terminus (i.e., 5' or 3 1 ) of both ends of a ds nucleic acid molecule. This can be 
accomplished, for example, by designing target sequences that can be cleaved with the 
same restriction enzyme and which contain the same nucleotide sequence. 
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[0097] The present invention also relates to methods of directionally or non- 
directionally linking a first and at least a second nucleic acid molecule, including, as 
desired, operatively linking two or more (e.g., 2, 3, 4, 5, 6, 7, etc.) of the nucleic acid 
molecules. A method for generating a directionally or non-directionally linked 
recombinant nucleic acid molecule can be performed, for example, by contacting a 
topoisomerase-charged first ds nucleic acid molecule, which has a first topoisomerase 
covalently bound at a first end, and a second topoisomerase covalently bound at a second 
end, and also contains a 5* overhang at the first end and a blunt end, a 3 f uridine overhang, 
a y thymidine overhang, or a second 5' overhang at the second end; and a second ds 
nucleic acid molecule, which has a first blunt end and a second end, wherein the first 
blunt end has a 5 f nucleotide sequence that is complementary to the first 5* overhang of 
the first end of the first nucleic acid molecule. The first and second topoisomerases can 
be the same, for example, two type IB topoisomerases, including two Vaccinia type IB 
topoisomerases, or can be different, including two type IB topoisomerases from different 
organisms or a type IB topoisomerase and a type IA or a type II topoisomerase. 



[0098] In performing a method of the invention, the first and second ds nucleic acid 
molecules are contacted under conditions such that the 5* nucleotide sequence of the 
second nucleic acid molecule can selectively hybridize to the first 5 f overhang, whereby 
the first topoisomerase can covalently link the 3' terminus of the first end of the first 
ds nucleic acid molecule to the 5' terminus of the first end of the second ds nucleic acid 
molecule, and the second topoisomerase can covalently link the 3* terminus of the second 
end of the first ds nucleic acid molecule to the 5 1 terminus of the second end of the 
second ds nucleic acid molecule, to generate a directionally or non-directionally linked 
recombinant nucleic acid molecule. Accordingly, the present invention provides a 
directionally or non-directionally linked recombinant nucleic acid molecule produced by 
such a method. 
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[0099] As disclosed herein, a method of the invention can provide a means to 
directionally link two or more ds nucleotides in a predetermined directional orientation. 
The term "directionally link " is used herein to refer to the covalent linkage of two or 
more nucleic acid molecules in a particular predetermined order and/or orientation. Thus, 
a method of the invention provides a means, for example, to covalently link a promoter 
expression control element upstream of a coding sequence, and to covalently link a 
polyadenylation signal downstream of the coding region to generate a functional 
expressible recombinant nucleic acid molecule; or to covalently link two coding 
sequences such that they can be transcribed and translated in frame to produce a fusion 
polypeptide. The term "non-directionally link " is used herein to refer to the covalent 
linkage of two or more nucleic acid molecules in a random order, i.e., either of the first or 
second end of the nucleic acid molecule can be linked to an end of another nucleic acid 
molecule. 

[0100] The term "substantially blunt," when used in reference to an end of a ds nucleic 
acid molecule, means that the end can be blunt or can have a short overhang that does not 
reduce or inhibit a strand invasion event by a second nucleic acid molecule having an 
overhang. For example, a substantially blunt end can include an end having an overhang 
of 1, 2, or a few nucleotides, provided the overhang at the substantially blunt end does 
not block strand invasion. For example, the second ds nucleic acid molecule can have a 
5' adenosine or 5 f inosine overhang. 

[0101] It should be recognized that reference herein to a "first nucleic acid molecule," 
"second nucleic acid molecule," "third nucleic acid molecule," and the like, is used only 
to provide a means to indicate which of several nucleic acid molecules is being referred 
to. Thus, absent any specifically defined characteristic with respect to a particular nucleic 
acid molecule, the terms "first," "second," "third" and the like, when used in reference to 
a nucleic acid molecule, or a population or plurality of nucleic acid molecules, are not 
intended to indicate any particular order, importance or other information about the 
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nucleic acid molecule. Thus, where an exemplified method refers, for example, to using 
PCR to amplify a first ds nucleic acid molecule such that the amplification product 
contains a topoisomerase recognition site at one or both ends, it will be recognized that, 
similarly, a second (or other) ds nucleic acid molecule also can be so amplified. 



[0102] The term "at least a second," when used in reference to a ds nucleic acid 
molecule, means one or more (e.g., 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, etc.) nucleic acid molecules 
in addition to a first ds nucleic acid molecule. Thus, the term can refer to only a second 
nucleic acid molecule, or to a second nucleic acid molecule and a third nucleic acid 
molecule (or more). As such, the term "second (or other) ds nucleic acid molecule" or 
"second (and other) ds nucleic acid molecules" is used herein in recognition of the fact 
that the term "at least a second nucleic acid molecule" can refer to a second, third or more 
nucleic acid molecules. It should be recognized that, unless indicated otherwise, a 
nucleic acid molecule encompassed within the meaning of the term "at least a second 
nucleic acid molecule" can be the same or substantially the same as a first nucleic acid 
molecule. For example, a first and second ds nucleic acid molecule can be the same 
except that only one of the molecules, for example, the first ds nucleic acid molecule, has 
a topoisomerase recognition site, or except for having complementary 5 ! overhanging 
sequences, for example, produced upon cleavage by a topoisomerase, such that the first 
and second ds nucleic acid molecules can be directionally linked using a method of the 
invention. As such, a method of the invention can be used to produce a concatenate of 
first and second ds nucleic acid molecules, which, optionally, can be interspersed, for 
example, by a third ds nucleic acid molecule such as an expression control element, and 
can contain the directionally linked sequences in a predetermined directional orientation, 
for example, each in a 5' to 3 1 orientation with respect to each other. 



[0103] It will be recognized that each of the ds nucleic acid molecules, for example, a 
sequence referred to as a first ds nucleic acid molecule, generally comprises a population 
of such nucleic acid molecules, which are identical or substantially identical to each 
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other. Thus, it should be clear that the term "different" is used in comparing, for example, 
a first (or population of first) ds nucleic acid molecules with a second (and other) ds 
nucleic acid molecule. As used herein, the term "different," when used in reference to the 
ds nucleic acid molecules of a composition of the invention, means that the ds nucleic 
acid molecules share less than 95% sequence identity with each when optimally aligned, 
generally less than 90% sequence identity, and usually less than 70% sequence identity. 
Thus, ds nucleic acid molecules that, for example, differ only in being polymorphic 
variants of each other or that merely contain different 5 1 or 3 f overhanging sequences are 
not considered to be "different" for purposes of a composition of the invention. In 
comparison, different ds nucleic acid molecules are exemplified by a first sequence 
encoding a polypeptide and second sequence comprising a expression control element, or 
a first sequence encoding a first polypeptide a second sequence encoding a 
non-homologous polypeptide. 

[0104] The term "recombinant" is used herein to refer to a nucleic acid molecule that 
is produced by linking at least two nucleic acid molecules. As such, a recombinant 
nucleic acid molecule encompassed within or generated according to a method of the 
invention is distinguishable from a nucleic acid molecule that may be produced in nature, 
for example, during meiosis. A recombinant nucleic acid molecule generated according 
to a method of the invention can be identified, for example, by the presence of the 
complementary nucleic acid sequence in close proximity, generally directly adjacent, and 
usually directly 3 ! , to a topoisomerase binding site in a double stranded nucleic acid 
molecule. 

[0105] As disclosed herein , a method of the invention can be used to directionally or 
non-directionally link a first ds nucleic acid molecule to a second ds nucleic acid 
molecule. In many embodiments, the method may be used to directionally link a first ds 
nucleic acid molecule and a second (or other) ds nucleic acid molecule. However, use of 
the method to non-directionally link a first ds nucleic acid molecule and a second (or 
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other) ds nucleic acid molecule also provides advantages. Non-directional linking can be 
performed, for example, 1) where a second nucleotide sequence is present at or near the 
5' terminus of the second end of the first ds nucleic acid molecule, which can form all or 
part of a second overhang, and is capable of hybridizing to the 5' complementary 
nucleotide sequence of the second ds nucleic acid molecule; and 2) where a nucleotide 
sequence is present at or near the 5* terminus of both the first end and the second end of 
the second ds nucleic acid molecule that is capable of hybridizing to the 5 f overhang of 
the first end of the first ds nucleic acid molecule. In these embodiments, the second end 
of the first ds nucleic acid molecule and the second end of the second ds nucleic acid 
molecule can be either blunt, or include an overhang. 



[0106] In another embodiment, a method for generating a directionally or 
non-directionally linked recombinant nucleic acid molecule can be performed, for 
example, by contacting a first precursor ds nucleic acid molecule having a first end, 
which has a first 5 ? target sequence at the 5 ! terminus and a topoisomerase recognition site 
at or near the 3' terminus, and a second end, which has a topoisomerase recognition site at 
or near the 3 f terminus; a second ds nucleic acid molecule having a first blunt end and a 
second end, wherein the first blunt end has a 5' nucleotide sequence complementary to 
the 5 1 target sequence of the first precursor ds nucleic acid molecule; and a topoisomerase 
that is specific for the topoisomerase recognition site. As used herein, reference to a 
"precursor" ds nucleic acid molecule means a ds nucleic acid molecule that contains a 
topoisomerase recognition site and that, upon cleavage by a topoisomerase specific for 
the recognition site, produces an end having a desired 5' terminal nucleotide sequence, 
y terminal nucleotide sequence, or both. Such a desired end is produced, in part, due to 
the presence of the 5' target sequence, which, upon cleavage of the ds nucleic acid 
molecule containing the 5 1 target sequence, is converted to a 5' nucleotide sequence that 
allows directionally linking the ds nucleic acid molecule to a second ds nucleic acid 
molecule. 
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[0107] According to a method of the invention, the first ds nucleic acid molecule, 
second ds nucleic acid molecule and topoisomerase are contacted under conditions that 
allow topoisomerase activity, i.e., such that the topoisomerase can bind to and cleave the 
recognition site, to produce a topoisomerase-charged 3' terminus, and can ligate the 
3' terminus to an appropriate 5 1 terminus. Such conditions also allow hybridization of the 
portion of the portion of the first 5 1 target sequence that remains following cleavage by 
the topoisomerase and the 5' nucleotide sequence of the second ds nucleic acid molecule 
that is complementary to that portion of the 5 f target sequence. 

[0108] In performing a method of the invention, a precursor ds nucleic acid molecule 
can be combined in the same reaction vessel and at the same time with the topoisomerase 
and the second ds nucleic acid molecule before the precursor ds nucleic acid molecule is 
converted into a topoisomerase-charged ds nucleic acid molecule that can be directionally 
linked to a second ds nucleic acid molecule. By combining the topoisomerase in the 
same reaction vessel as the precursor ds nucleic acid and the second nucleic acid, the 
methods of the present invention are simplified. Alternatively, a first precursor ds 
nucleic acid molecule can be combined with topoisomerase under conditions that allow 
topoisomerase cleavage and binding, then a second ds nucleic acid molecule can be 
added. 

[0109] A precursor ds nucleic acid molecule can be linear or circular, including 
supercoiled, and, as a result of cleavage by one or more topoisomerases and, if desired a 
restriction endonuclease, a linear topoisomerase-charged first ds nucleic acid molecule is 
produced. For example, a circular ds nucleic acid molecule containing two type IB 
topoisomerase recognition sites within about 100 nucleotides of each other and in the 
complementary strands, preferably within about twenty nucleotides of each other and in 
the complementary strands, can be contacted with a site specific type IB topoisomerase 
such that each strand is cleaved and the intervening sequence dissociates, thereby 
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generating a linear ds nucleic acid molecule having a topoisomerase covalently bound to 
each end. 



[0110] In general, a topoisomerase-charged double stranded nucleic acid, which can 
be directionally linked to a second or other ds nucleic acid molecule, is generated by 
contacting topoisomerase with a precursor ds nucleic acid that has at least one 
topoisomerase recognition site at or near one end and a first target sequence. As used 
herein, the term "topoisomerase recognition site" means a defined nucleotide sequence 
that is recognized and bound by a site specific topoisomerase. For example, the 
nucleotide sequence 5'-(C/T)CCTT-3' is a topoisomerase recognition site that is bound 
specifically by most poxvirus topoisomerases, including Vaccinia virus DNA 
topoisomerase I, which then can cleave the strand after the 3 '-most thymidine of the 
recognition site to produce a nucleic acid molecule comprising 

5 ! -(C/T)CCTT-P04-TOPO, i.e., a complex of the topoisomerase covalently bound to the 
3' phosphate through a tyrosine residue in the topoisomerase (see Shuman, J. Biol. Chem. 
266:11372-11379, 1991; Sekiguchi and Shuman. Nucl. Acids Res. 22:5360-5365. 1994; 
each of which is incorporated herein by reference; see, also, U.S. Pat. No. 5,766,891; 
PCT/US95/16099; PCT/US98/12372). 



[0111] An advantage of constructing a precursor ds nucleic acid molecule to 
comprise, for example, a type IB topoisomerase recognition site about 2 to 1 5 nucleotides 
(e.g., 2, 3, 4, 5, 6, 7, 8, 9, 12, 14, 15, or 20 nucleotides) from one or both ends is that a 
5 f overhang is generated following cleavage of the ds nucleic acid molecule by a site 
specific topoisomerase. Such a 5' overhanging sequence, which would contain 2 to 
20 nucleotides, respectively, can be designed using a PCR method as disclosed herein to 
have any sequence as desired. Thus, where a cleaved first ds nucleic acid molecule is to 
be directionally linked to a selected second (or other) ds nucleic acid molecule according 
to a method of the invention, and where the selected sequence has a 5* overhanging 
sequence, the 5 f overhang on the first ds nucleic acid molecule can be designed to be 
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complementary to the 5 f overhang on the selected second (or other) ds sequence such that 
the two (or more) sequences are directionally linked in a predetermined orientation due to 
the complementarity of the 5 ? ovierhangs. As discussed above, similar methods can be 
utilized with respect to 3 1 overhanging sequences generated upon cleavage by a type IA 
or type II topoisomerase. 



[0112] As used herein, the term "cleavage product," when used in reference to a 
topoisomerase recognition site, refers to a nucleic acid molecule that has been cleaved by 
a topoisomerase, generally at its recognition site, and comprises a complex of the 
topoisomerase covalently bound, in the case of a type IB topoisomerase to the 
3* phosphate group of the 3 1 terminal nucleotide in the topoisomerase recognition site, or, 
in the case of type IA or type II topoisomerase, to the 5 f phosphate group of the 
5' terminal nucleotide in the topoisomerase recognition site. Such a complex, which 
comprises a topoisomerase cleaved ds nucleic acid molecule having the topoisomerase 
covalently bound thereto, is referred to herein as a "topoisomerase-activated" or a 
"topoisomerase-charged" nucleic acid molecule. Topoisomerase-activated ds nucleic acid 
molecules can be used in a method of the invention, as can ds nucleic acid molecules that 
contain an uncleaved topoisomerase recognition site and a topoisomerase, wherein the 
topoisomerase can cleave the ds nucleic acid molecule at the recognition site and become 
covalently bound thereto. 



[0113] As will be readily apparent from the present disclosure, the ends of ds nucleic 
acid molecules to be linked according to a method of the invention can have various 
characteristics. For example, in one aspect, the second end of a first precursor ds nucleic 
acid is a blunt end upon cleavage by the topoisomerase, and the second end of a second 
ds nucleic acid molecule is a blunt end. In another aspect, the second end of a first 
precursor ds nucleic acid molecule has a 3 1 thymidine extension upon cleavage by the 
topoisomerase, and the second end of a second ds nucleic acid molecule has a 
3 1 adenosine overhang, or the termini can comprise 3 ? adenosine and 3* deoxyuridine 
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overhangs (see U.S. Pat. Nos. 5,487,993 and 5,856,144, each of which is incorporated 
herein by reference). In yet another aspect, a first precursor ds nucleic acid molecule has 
a second 5* target sequence at the second end, and the second end of a second ds nucleic 
acid molecule has a 5 1 nucleotide sequence complementary to at least a portion of the 
second 5' target sequence. The first precursor ds nucleic acid molecule can be a vector, 
including a cloning vector and an expression vector, and, where generally present in a 
circular form, can be linearized due to the action of the topoisomerase, or can be 
linearized by including, for example, one or two restriction endonucleases that linearize 
the vector such that, upon contact with the topoisomerase, the first and second ds nucleic 
acid molecules can be directionally linked according to a method of the invention. 



[0114] As used herein, the term "at or near," when used in reference to the proximity 
of a topoisomerase recognition site to the 3* (type IB) or 5' (type IA or type II) terminus 
of a nucleic acid molecule, means that the site is within about 1 to 100 nucleotides from 
the 3 ? terminus or 5' terminus, respectively, generally within about 1 to 20 nucleotides 
from the terminus, and particularly within about 2 to 12 nucleotides from the respective 
terminus. An advantage of positioning the topoisomerase recognition site within about 
10 to 15 nucleotides of a terminus is that, upon cleavage by the topoisomerase, the 
portion of the sequence downstream of the cleavage site can spontaneously dissociate 
from the remaining nucleic acid molecule, which contains the covalently bound 
topoisomerase (referred to generally as "suicide cleavage"; see, for example, Shuman, 
supra, 1991 ; Andersen et al., supra, 1991). Where a topoisomerase recognition site is 
greater than about 12 to 15 nucleotides from the terminus, the nucleic acid molecule 
upstream or downstream of the cleavage site can be induced to dissociate from the 
remainder of the sequence by modifying the reaction conditions, for example, by 
providing an incubation step at a temperature above the melting temperature of the 
portion of the duplex including the topoisomerase cleavage site. 
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[0115] A method of the invention using a first precursor ds nucleic acid molecule 
having a 5 f target sequence and a topoisomerase on a first end and a second end, can be 
performed to directionally or non-directionally link a first precursor ds nucleic acid 
molecule to a second ds nucleic acid molecule. The method typically is used to 
directionally link the first precursor ds nucleic acid molecule and the second ds nucleic 
acid molecule, and also can be used to non-directionally link the first precursor ds nucleic 
acid molecule and the second ds nucleic acid molecule. Non-directional linking can be 
performed, for example, 1) where a second nucleotide sequence is present at or near the 
5 ! terminus of the second end of the first precursor ds nucleic acid molecule, that is 
capable of hybridizing to the 5 f complementary nucleotide sequence of the second ds 
nucleic acid molecule; and 2) where a nucleotide sequence is present at or near the 
5* terminus of both the first end and the second end of the second ds nucleic acid 
molecule that is capable of hybridizing to the 5* target sequences at or near the first end of 
the first precursor ds nucleic acid molecule. In these embodiments, the second end of the 
first precursor ds nucleic acid molecule and the second end of the second ds nucleic acid 
molecule can be either blunt, or include an overhang. 



[0116] A method for generating a directionally or non-directionally linked 
recombinant nucleic acid molecule also can be performed by contacting a topoisomerase- 
charged first ds nucleic acid molecule, which has, at a first end, a first 5 1 overhang and a 
first topoisomerase covalently bound to the 3 1 terminus, and a second ds nucleic acid 
molecule, which has a first blunt end and a second end, wherein the first blunt end 
includes a 5 1 nucleotide sequence complementary to the first 5 1 overhang. The method is 
performed under conditions such that the 5 1 nucleotide sequence of the first blunt end can 
selectively hybridize to the first 5' overhang, whereby the first topoisomerase can 
covalently link the 3' terminus of the first end of the first ds nucleic acid molecule with 
the 5 1 terminus of the first end of the second ds nucleic acid molecule. 
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[0117] Such a method can further include contacting the topoisomerase-charged first 
ds nucleic acid molecule and the second ds nucleic acid molecule with a third ds nucleic 
acid molecule, wherein a first end of the third nucleic ds acid molecule has a 5* overhang 
and a second topoisomerase covalently bound at the 3 ! terminus, and wherein the second 
ds nucleic acid molecule has a second blunt end, which includes a 5* nucleotide sequence 
complementary to the 5' overhang of the third nucleic acid molecule. The contacting can 
be performed, for example, under conditions such that the 5 f nucleotide sequence of the 
second blunt end of the second ds nucleic acid can selectively hybridize to the 
5' overhang of the first end of the third ds nucleic acid molecule, whereby the second 
topoisomerase can covalently link the 3 1 terminus of the first end of the third ds nucleic 
acid molecule with the 5 ! terminus of the second blunt end of the second ds nucleic acid 
molecule. The first and second topoisomerases can be the same or different and, if 
desired, the first or third ds nucleic acid molecules, instead of being topoisomerase- 
charged, can contain a topoisomerase recognition site, wherein the method can further 
include contacting the reactants with a topoisomerase. A method of the invention can be 
performed such that the first ds nucleic acid molecule is directionally linked to the second 
ds nucleic acid molecule and, thereafter, the third ds nucleic acid molecule is 
directionally or non-directionally linked to the second ds nucleic acid molecule, or all of 
the reactants can be included together at the same time. 



[0118] A method of the invention provides a means to render an open reading from a 
cDNA or an isolated genomic DNA sequence expressible by operatively linking one or 
more expression control elements to the putative coding sequence. Examples of 
expression control elements useful in the present invention are disclosed herein and 
include transcriptional expression control elements, translational expression control 
elements, elements that facilitate the transport or localization of a nucleic acid molecule 
or polypeptide in (or out of) a cell, elements that confer a detectable phenotype, and the 
like. Transcriptional expression control elements include, for example, promoters such as 
those from cytomegalovirus, Moloney leukemia virus, and herpes virus, as well as those 
from the genes encoding metallothionein, skeletal actin, phosphoenolpyruvate 
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carboxylase, phosphoglycerate, dihydrofolate reductase, and thymidine kinase, as well as 
promoters from viral long terminal repeats (LTRs) such as Rous sarcoma virus LTR; 
enhancers, which can be constitutively active such as an immunoglobulin enhancer, or 
inducible such as SV40 enhancer; and the like. For example, a metallothionein promoter 
is a constitutively active promoter that also can be induced to a higher level of expression 
upon exposure to a metal ion such as copper, nickel or cadmium ion. In comparison, a 
tetracycline (tet) inducible promoter is an example of a promoter that is induced upon 
exposure to tetracycline, or a tetracycline analog, but otherwise is inactive. 

[0119] A transcriptional expression control element also can be a tissue specific 
expression control element, for example, a muscle cell specific expression control 
element, such that expression of an encoded product is restricted to the muscle cells in an 
individual, or to muscle cells in a mixed population of cells in culture, for example, an 
organ culture. Muscle cell specific expression control elements including, for example, 
the muscle creatine kinase promoter (Sternberg et al., Mol. Cell. Biol. 8:2896-2909, 
1988, which is incorporated herein by reference) and the myosin light chain 
enhancer/promoter (Donoghue et al., Proc. Natl. Acad. Sci., USA 88:5847-5851, 1991, 
which is incorporated herein by reference) are well known in the art. Other tissue 
specific promoters, as well as expression control elements only expressed during 
particular developmental stages of a cell or organism are well known in the art. 

[0120] Expression control or other elements useful in generating a construct according 
to a method of the invention can be obtained in various ways. In particular, many of the 
elements are included in commercially available vectors and can be isolated therefrom 
and can be modified to contain a topoisomerase recognition site at one or both ends, for 
example, using a PCR method as disclosed herein. In addition, the sequences of or 
encoding the elements useful herein generally are well known and disclosed in 
publications. In many cases, the elements, for example, transcriptional and translational 
expression control elements, as well as cell compartmentalization domains, are relatively 
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short sequences and, therefore, are amenable to chemical synthesis of the element or a 
nucleotide sequence encoding the element. Thus, in one embodiment, an element 
comprising a composition of the invention, useful in generating a recombinant nucleic 
acid molecule according to a method of the invention, or included within a kit of the 
invention, can be chemically synthesized and, if desired, can be synthesized to contain a 
topoisomerase recognition site at one or both ends of the element and, further, to contain 
an overhanging sequence following cleavage by a site specific topoisomerase. 

[0121] Where ds nucleic acid molecules are to be directionally linked according to a 
method of the invention, the nucleic acid molecules generally are operatively linked such 
that the recombinant nucleic acid molecule that is generated has a desired structure, 
performs a desired function, encodes a desired expression product, or the like. As used 
herein, the term "operatively linked" means that two or more nucleic acid molecules are 
positioned with respect to each other such that they act as a unit to effect a function 
attributable to one or both sequences or a combination thereof. For example, a nucleic 
acid molecule containing an open reading frame can be operatively linked to a promoter 
such that the promoter confers its regulatory effect on the open reading frame similarly to 
the way in which it would effect expression of an open reading frame that it normally is 
associated with in a genome in a cell. Similarly, two or more nucleic acid molecules 
comprising open reading frames can be operatively linked in frame such that, upon 
transcription and translation, a chimeric fusion polypeptide is produced. 

[0122] A first ds nucleic acid molecule comprising an open reading frame can be 
amplified using any amplification method, for example, by PCR using a primer pair, to 
generate an amplified first ds nucleic acid molecule having a 5 f nucleotide sequence 
complementary to a 5 1 overhang of a topoisomerase-charged ds nucleic acid molecule of 
the present invention. Where both ends of the amplified first ds nucleic acid molecule are 
complements of two overhangs on the topoisomerase-charged ds nucleic acid molecule, 
the 5* overhangs are different from each other. The amplified first ds nucleic acid 
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molecule then can be contacted with the topoisomerase-charged ds nucleic acid molecule 
comprising a desired expression control element such as a promoter such that the second 
nucleic acid molecule is operatively linked to the 5' end of the coding sequence according 
to a method of the invention. 



[0123] Various combinations of components can be used in a method of the invention. 
For example, the method can be performed by contacting a topoisomerase-activated first 
ds nucleic acid molecule; a second ds nucleic acid molecule having a first end and a 
second end, wherein at the first end or second end or both, the second nucleic acid 
molecule has a hydroxyl group at the 5' terminus of the same end; and a 5 ! overhang. 
Where the 5' terminus of one or both ends to be linked has a 5' phosphate group, a 
phosphatase also can be contacted with the components of the reaction mixture. Upon 
contacting, the phosphatase, if necessary, can generate a 5' hydroxyl group at the same 
end, and the second ds nucleic acid molecule then can be directionally linked to the 
topoisomerase-activated first ds nucleic acid molecule. The skilled artisan will recognize 
other combinations of components useful for performing a method of the invention. 



[0124] As used herein, reference to contacting a first nucleic acid molecule and a - 
second nucleic acid molecule "under conditions such that all components are in contact" 
means that the reaction conditions are appropriate for a topoisomerase-cleaved end of a 
first ds nucleic acid molecule to come into sufficient proximity such that a topoisomerase 
can effect its enzymatic activity and covalently link the 3 f terminus of the first ds nucleic 
acid molecule to a 5 f hydroxyl group at the terminus of a second nucleic acid molecule. 
Examples of such conditions include, for example, the reaction temperature, ionic 
strength, and pH. Additionally, such conditions can be determined empirically or using 
formulas that predict conditions for specific hybridization of nucleic acid molecules, as is 
well known in the art (see, for example, (Sambrook et al., Molecular Cloning: A 
laboratory manual (Cold Spring Harbor Laboratory Press 1989); Ausubel et al., Current 
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Protocols in Molecular Biology, John Wiley and Sons, Baltimore, MD (1987, and 
supplements through 1995), each of which is incorporated herein by reference). 

[0125] As disclosed herein, a PCR method using primers designed to incorporate 
complementary nucleotide sequences at one or both ends of an amplified ds nucleic acid 
molecule provides an example of a convenient means for producing ds nucleic acid 
molecules useful in a method of the invention. At least one of the primers of a primer 
pair is designed such that it comprises, in a 5 f to 3 1 orientation, a nucleotide sequence 
complementary to a first overhang on the topoisomerase-charged ds nucleic acid 
molecule of the present invention. The second primer of the PCR primer pair can be 
complementary to a desired sequence of the nucleic acid molecule to be amplified, and 
can comprise a second complementary sequence. 

[0126] A primer can contain or encode any other sequence of interest, including, for 
example, a site specific integration recognition site such as an att site, a lox site, or the 
like, or, as discussed above, can simply be used to introduce a topoisomerase recognition 
site into a ds nucleic acid molecule comprising such a sequence of interest. A 
recombinant nucleic acid molecule generated according to a method of the invention and 
containing a site specific integration recognition site such as an att site or lox site can be 
integrated specifically into a desired locus such as into a vector, a gene locus, or the like, 
that contains the required integration site, for example, an att site or lox site, respectively, 
and upon contact with the appropriate enzymes required for the site specific event, for 
example, lambda Int and IHF proteins or Cre recombinase, respectively. The 
incorporation, for example, of attB or attP sequences into a directionally or non- 
directionally linked recombinant nucleic acid molecule according to a method of the 
invention allows for the convenient manipulation of the nucleic acid molecule using the 
GATEWAY™ Cloning System (Invitrogen Corp., La Jolla CA). A first ds nucleic acid 
molecule used in a method of the invention can be a linearized vector containing two site 
specific integration sites, for example, an "entry vector" (GATEWAY™ Cloning System), 
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and a method of the invention can be used to insert a second (or other) ds nucleic acid 
molecule between the site specific integration sites. 



[0127] A ds nucleic acid molecule to be used in a method or kit of the invention can 
be amplified using any amplification reaction, for example, using the polymerase chain 
reaction (PCR), to contain a complementary nucleotide sequence at a 5 ! end. Although 
exemplified by PCR, other amplification methods also can be used to amplify a nucleic 
acid molecule such that the amplified nucleic acid molecule has a complementary 
sequence at the 5 1 terminus of one of its ends. The complementary nucleotide sequence is 
complementary to the 5' overhang on the topoisomerase-charged ds nucleic acid to which 
the amplified nucleic acid will be ligated. This complementarity facilitates the 
association of the nucleic acid molecules in a predetermined orientation, whereupon they 
can be linked by topoisomerase according to a method of the invention. 



[0128] Amplification primers can be designed to impart particular characteristics to a 
desired ds nucleic acid molecule, for example, a ds nucleic acid molecule that encodes a 
transcriptional or translational expression control element or a coding sequence of 
interest such as an epitope tag or cell compartmentalization domain. In this aspect, the 
amplification primers are designed such that, upon amplification, the ds nucleic acid 
molecule contains a 5 1 complementary sequence at one or both ends, as desired. 

[0129] Amplification primers also can be used to amplify a directionally linked 
recombinant nucleic acid molecule generated according to a method of the invention. For 
example, a method of the invention can generate from three ds nucleic acid molecules, 
including a nucleic acid molecule comprising a promoter, a nucleic acid molecule 
comprising a coding sequence, and a nucleic acid molecule comprising a polyadenylation 
signal, an expressible recombinant nucleic acid molecule. The generation of the nucleic 
acid molecule is facilitated by the incorporation of complementary 5' (or 3 f ) sequences at 
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the ends of the ds nucleotides sequences to be joined, wherein preferably one of the 
complementary sequences is an overhang sequence. 

[0130] As such, by designing a PCR primer pair containing a first primer that is 
specific for an overhang of the nucleic acid molecule comprising the promoter that is 
upstream from the promoter, and a second primer that is specific for an overhang of the 
nucleic acid molecule comprising the polyadenylation signal that is down stream of the 
signal, only a full length functional recombinant nucleic molecule containing the 
promoter, coding sequence and polyadenylation signal in the correct (predetermined) 
orientation will be amplified. In particular, partial reaction products, for example, 
containing only a promoter linked to the coding sequence, and reaction products 
containing nicks are not amplified. Thus, PCR can be used to specifically design a ds 
nucleic acid molecule such that it is useful in a method of the invention, and to 
selectively amplify only those reaction products having the desired components and 
characteristics. 

[0131] A method of the invention can be performed such that a second ds nucleic acid 
molecule to be directionally ligated to a first ds nucleic acid molecule, is one of a 
plurality of second ds nucleic acid molecules. As used herein, the term "plurality," when 
used in reference a first or at least a second nucleic acid molecule, means that the nucleic 
acid molecules are related but different. For purposes of the present invention, the 
nucleic acid molecules of a plurality are "related" in that each nucleic acid molecule in 
the plurality contains, for example, a 5 1 nucleotide sequence that is complementary to a 
5' overhang sequence present on a topoisomerase-charged ds nucleic acid molecule to 
which the second ds nucleic acid molecules are to be directionally linked. Furthermore, 
the nucleic acid molecules of a plurality are "different" in that they can comprise, for 
example, a cDNA library, a combinatorial library of nucleic acid molecules, a variegated 
population of nucleic acid molecules, or the like. Methods of making cDNA libraries, 
combinatorial libraries, libraries comprising variegated populations of nucleic acid 
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molecules, and the like are well known in the art (see, for example, U.S. Pat. No. 
5,837,500; U.S. Pat. No. 5,622,699; U.S. Pat. No. 5,206,347; Scott and Smith, Science 
249:386-390, 1992; Markland et al., Gene 109:13-19, 1991; O'Connell et al., Proc. Natl. 
Acad. Sci.. USA 93:5883-5887. 1996; Tuerk and Gold, Science 249:505-510, 1990; Gold 
et al., Ann. Rev. Biochem. 64:763-797, 1995; each of which is incorporated herein by 
reference). 

[0132] Where a second ds nucleic acid molecule is one of a population of ds nucleic 
acid molecules, a method of the invention can further utilize a population of first 
ds nucleic acid molecules, each of which contains a different and randomly generated 
nucleotide sequence at or near a 3* and/or 5 1 terminus of a first and/or second end, for 
example, randomly generated 3 1 or 5 f overhangs at or near a first end. Such a population 
of randomly generated nucleotide sequences near an end will include complementary 
sequences to nucleotide sequences at or near the ends of many or all of the second ds 
nucleic acid molecules of the plurality. Thus, the method can be used to generate linked 
recombinant nucleic acid molecules, including many or all of the nucleic acid molecules 
in the plurality of second ds nucleic acid molecules. 

[0133] The methods of the invention have broad application to the field of molecular 
biology. As discussed in greater detail below, the methods of the invention can be used, 
for example, to label DNA or RNA probes, to generate sense or antisense RNA, to 
prepare bait or prey constructs for performing a two hybrid assay, to prepare linear 
expression elements, to prepare constructs useful for coupled in vitro 
transcription/translation assays, and to perform directional cloning. 

[0134] A directionally or non-directionally linked recombinant nucleic acid molecule 
generated according to this aspect of the invention can be linear, but preferably is 
circular, particularly a vector, as described above. The circular recombinant nucleic acid 
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molecule can be generated such that it has the characteristics of a vector, and contains, for 
example, expression control elements required for replication in a prokaryotic host cell, a 
eukaryotic host cell, or both, and can contain a nucleotide sequence encoding a 
polypeptide that confers antibiotic resistance or the like. 



[0135] A method of the invention can further include introducing a directionally or 
non-directionally linked recombinant nucleic acid molecule into a cell, which can be a 
prokaryotic cell such as a bacterium or a eukaryotic cell such as a mammalian cell. 
Accordingly, the present invention also provides a cell produced by a method of the 
invention, as well as a non-human transgenic organism produced from such a cell. An 
advantage of such a method is that the generated recombinant nucleic acid molecule, 
which is circularized according to a method of the invention, can be transformed or 
transfected into an appropriate host cell, wherein the construct is amplified. Thus, an in 
vivo method using a host cell can be used for obtaining a large amount of a circularized 
product generated according to a method of the invention. 



[0136] It should be recognized that a method of the invention is characterized, in part, 
in that a linked recombinant nucleic acid molecule generated thereby either contains a 
nick in one strand, because a topoisomerase is attached to only one 3 'terminus of the ends 
to be linked, or comprises one strand that is derived completely from only one of two 
nucleic acid molecule linked according to the method. Where the recombinant nucleic 
acid molecule contains a nick, the nick can be converted to a phosphodiester bond, if 
desired, for example, by contacting the nicked recombinant nucleic acid molecule with a 
DNA ligase, by introducing the nicked recombinant nucleic acid molecule into a cell such 
as a bacterium that can repair the nick, or by any other method as desired. Thus, in one 
embodiment, a method of the invention includes a strand invasion event and a ligation. 
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[0137] Where a recombinant nucleic acid molecule generated according to a method 
of the invention does not comprise one strand that is derived completely from only one of 
the starting nucleic acid molecules, the method can further include a cleavage step, 
wherein the displaced nucleotide sequence is cleaved from the product. Such a cleaving 
step can be performed using any method known to cleave or degrade a single stranded 
nucleotide sequence, including, for example, contacting a recombinant nucleic acid 
molecule comprising the displaced strand with an enzyme having, 5 1 to 3' or 3 ? to 5 f single 
stranded nucleic acid exonuclease activity (depending on the orientation of the displaced 
strand). Such a method conveniently can be performed in vitro. Alternatively, the 
recombinant ds nucleic acid molecule can be introduced into a cell, for example an 
E. coli cell, wherein the displaced nucleotide sequence is cleaved. 



[0138] A method of the invention can be used to generate a directionally linked 
recombinant nucleic acid molecule encoding a chimeric fusion polypeptide. For 
generating such a recombinant nucleic acid molecule, a first and second (or other) 
ds nucleic acid molecule each can encode all or a portion of an open reading frame, and 
the first and second (or other) ds nucleic acid molecules, which have first and/or second 
ends as disclosed herein, are directionally linked. The chimeric polypeptide can comprise 
a fusion polypeptide, in which the two (or more) encoded peptides (or polypeptides) are 
translated into a single product, i.e., the peptides are covalently linked through a peptide 
bond. 

[0139] For example, a first ds nucleic acid molecule can encode a cell 
compartmentalization domain, such as a plasma membrane localization domain, a nuclear 
localization signal, a mitochondrial membrane localization signal, an endoplasmic 
reticulum localization signal, or the like, or a protein transduction domain such as the 
human immunodeficiency virus TAT protein transduction domain, which can facilitate 
translocation of a peptide linked thereto into a cell (see Schwarze et al., Science 
285:1569-1572, 1999; Derossi et al., J. Biol. Chem. 271:18188, 1996; Hancock et al., 
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EMBO J. 10:4033-4039, 1991; Buss et al., MoL Cell BioL 8:3960-3963, 1988; U.S. Pat. 
No. 5,776,689 each of which is incorporated herein by reference). Such a domain can be 
useful to target a fusion polypeptide comprising the domain and a polypeptide encoded 
by a second ds nucleic acid molecule, to which it is directionally linked according to a 
method of the invention, to a particular compartment in the cell, or for secretion from or 
entry into a cell. As such, the invention provides a means to generate directionally linked 
recombinant nucleic acid molecules that encode a chimeric polypeptide. 



[0140] A fusion polypeptide expressed from a directionally linked recombinant 
nucleic acid molecule generated according to a method of the invention also can 
comprise a peptide having the characteristic of a detectable label or a tag such that the 
expressed fusion polypeptide can be detected, isolated, or the like. For example, a first, 
second or other ds nucleic acid molecule containing a topoisomerase recognition site, or 
cleavage product thereof, as disclosed herein, can encode an enzyme such as alkaline 
phosphatase, d-galactosidase, chloramphenicol acetyltransferase, luciferase, or other 
enzyme; or can encode a peptide tag such as a polyhistidine sequence (e.g., 
hexahistidine), a V5 epitope, a c-myc epitope; a hemagglutinin A epitope, a FLAG 
epitope, or the like. Expression of a fusion polypeptide comprising a detectable label can 
be detected using the appropriate reagent, for example, by detecting light emission upon 
addition of luciferin to a fusion polypeptide comprising luciferase, or by detecting 
binding of nickel ion to a fusion polypeptide comprising a polyhistidine tag. 

[0141] A polyhistidine tag can comprise from about two to about ten contiguous 
histidine residues (e.g., two, three, four, five, six, seven, eight, nine, or ten contiguous 
histidine residues). The tag can also be a peptide tag which binds nickel ions, as well as 
other metal ions (e.g., copper ion), and can be used for metal chelate affinity 
chromatography. Examples of such tags include peptides having the formula: Ri»(His- 

X) n -R 2? wherein (His-X) n represents a metal chelating peptide and n is a number between 

two through ten (e.g., two, three, four, five, six, seven, eight, nine, or ten), and X is an 
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amino acid selected from the group consisting of alanine, arginine, aspartic acid, 
asparagine, cysteine, glutamic acid, glutamine, glycine, histidine, iso-leucine, leucine, 
lysine, methionine, phenylalanine, proline, serine, threonine, tryptophan, tyrosine and 
valine. Further, R2 may be a polypeptide which is covalently linked to the metal 
chelating peptide and Rl may be either a hydrogen or one or more (e.g., one, two, three, 
four, five, six, seven, eight, nine, ten, twenty, thirty, fifty, sixty, etc.) amino acid residues. 
In addition, Rl may be a polypeptide which is covalently linked to the metal chelating 
peptide and R2 may be either a hydrogen or one or more (e.g., one, two, three, four, five, 
six, seven, eight, nine, ten, twenty, thirty, fifty, sixty, etc.) amino acid residues. Tags of 
this nature are described in U.S. Pat. No. 5,594,1 15, the entire disclosure of which is 
incorporated herein by reference. 

[0142] Similarly, isolation of a fusion polypeptide comprising a tag can be performed, 
for example, by passing a fusion polypeptide comprising a myc epitope over a column 
having an anti-c-myc epitope antibody bound thereto, then eluting the bound fusion 
polypeptide, or by passing a fusion polypeptide comprising a polyhistidine tag over a 
nickel ion or cobalt ion affinity column and eluting the bound fusion polypeptide. 
Methods for detecting or isolating such fusion polypeptides will be well known to those 
in the art, based on the selected detectable label or tag (see, for example, Hopp et al., 
BioTechnology 6:1204, 1988; U.S. Pat. No. 5,011,912; each of which is incorporated 
herein by reference). 

[0143] In one embodiment, the directionally linked recombinant nucleic acid 
molecules encode chimeric polypeptides useful for performing a two hybrid assay. In 
such a method, the first ds nucleic acid molecule encodes a polypeptide, or a relevant 
domain thereof, that is suspected of having or being examined for the ability to interact 
specifically with one or more (e.g., 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, etc.) other polypeptides. 
The second ds nucleic acid molecule, to which the first ds nucleic acid molecule is to be 
directionally linked according to a method of the invention, can encode a transcription 
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activation domain or a DNA binding domain. For example, a first ds nucleic acid 
molecules to be directionally linked is modified, for example, to contain a 5' overhang on 
a first end and a topoisomerase recognition site, or cleavage product thereof, at or near 
the first end. A second ds nucleic acid molecules to be linked contains, or is modified to 
contain, a 5' sequence complementary to the 5 1 overhang at the first end of the first 
ds nucleic acid molecule. Upon contact of the first and second ds nucleic acid molecules 
with a topoisomerase, the directionally linked nucleic acid molecule encodes a first 
hybrid useful for performing a two hybrid assay (see, for example, Fields and Song, 
Nature 340:245-246, 1989; U.S. Pat. No. 5,283,173; Fearon et al., Proc. Natl. Acad. Sci., 
USA 89:7958-7962, 1992; Chien et al., Proc. Natl. Acad. Sci. USA 88:9578-9582, 1991; 
Young, Biol. Reprod. 58:302-311(1998), each of which is incorporated herein by 
reference). Similar methods are used to generate the second hybrid protein, which can 
comprise a plurality of polypeptides to be tested for the ability to interact with the 
polypeptide, or domain thereof, of the first hybrid protein. Such methods similarly can 
be used to construct directionally linked nucleic acid molecules encoding fusion protein 
useful for a modified form of a two hybrid assay such as the reverse two hybrid assay 
(Leanna and Hannink, Nucl. Acids Res. 24:3341-3347, 1996, which is incorporated 
herein by reference), the repressed transactivator system (U.S. Pat. No. 5,885,779, which 
is incorporated herein by reference), the protein recruitment system (U.S. Pat. 
No. 5,776,689, which is incorporated herein by reference), and the like. 



[0144] As disclosed herein, a second ds nucleic acid molecule can be one of a 
plurality of nucleic acid molecules, for example, a cDNA library, a combinatorial library 
of nucleic acid molecules, or a population of variegated nucleic acid molecules. As such, 
the methods of the invention are particularly useful for generating recombinant 
polynucleotides encoding chimeric polypeptides for performing a high throughput two 
hybrid assay for identifying protein-protein interactions that occur among populations of 
polypeptides (see U.S. Pat. No. 6,057,101 and U.S. Pat. No. 6,083,693, each of which is 
incorporated herein by reference). In such a method, each of the hybrid proteins of the 
two hybrid assay is generated using a different one of two populations (pluralities) of 
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nucleic acid molecules encoding polypeptides, each plurality having a complexity of 
from a few related but different nucleic acid molecules to as high as tens of thousands of 
such molecules. By performing a method of the invention, for example, using a PGR 
primer pair to amplify each nucleic acid molecule in a plurality, directionally linked 
recombinant polynucleotides encoding a population of chimeric bait polypeptides and a 
population of chimeric prey polypeptides readily can be generated. Such populations are 
generated by contacting the amplified pluralities of nucleic acid molecules, each of which 
comprises an appropriate end, with a topoisomerase and a nucleic acid molecule which 
contains a topoisomerase recognition site at or near its ends and encodes a transcription 
activation domain or a DNA binding domain. 

[0145] A first ds nucleic acid molecule useful in a method of the invention also can 
encode a ribonucleic acid (RNA) molecule, which can function, for example, as a 
riboprobe, an antisense nucleic acid molecule, a ribozyme, or a triplexing nucleic acid 
molecule, or can be used in an in vitro translation reaction, and the second ds nucleic acid 
molecule can encode an expression control element useful for expressing an RNA from 
the first nucleic acid molecule. For example, where it is desired to produce a large 
amount of RNA, a second ds nucleic acid molecule component for performing a method 
of the invention can comprise an RNA polymerase promoter such as a T7, T3 or SP6 
RNA polymerase promoter. Where the RNA molecule is to be expressed in a cell, for 
example, an antisense molecule to be expressed in a mammalian cell, the second (or 
other) ds nucleic acid molecule can include a promoter that is active in a mammalian cell, 
particularly a tissue specific promoter, which is active only in a target cell. Furthermore, 
where the RNA molecule is to be translated, for example, in a coupled in vitro 
transcription/translation reaction, the first nucleic acid molecule or second (or other) 
nucleic acid molecule can contain appropriate translational expression control elements. 

[0146] A directionally or non-directionally linked recombinant nucleic acid molecule 
generated according to a method of the invention can be used for various purposes for 



Gray Cary\cn6252717.2 
102894-23 



65 



ATTORNEY DOCKET NO.: 
INVIT1300-1 



which recombinant vectors containing a directionally or non-directionally inserted 
nucleic acid molecule are generally used. Thus, the directionally or non-directionally 
linked nucleic acid molecule can be used, for example, for expressing a polypeptide in a 
cell, for diagnosing or treating a pathologic condition, or the like. For administration to a 
living subject, the directionally or non-directionally linked recombinant nucleic acid 
molecule generally is formulated in a pharmaceutical composition suitable for 
administration to the subject. Thus, the invention provides pharmaceutical compositions 
containing a directionally or non-directionally linked recombinant nucleic acid molecule 
generated according to a method of the invention and expression products of this nucleic 
acid molecule. As such, the nucleic acid molecule is useful as a medicament for treating a 
subject suffering from a pathological condition. 

[0147] Pharmaceutically acceptable carriers are well known in the art and include, for 
example, aqueous solutions such as water or physiologically buffered saline or other 
solvents or vehicles such as glycols, glycerol, oils such as olive oil or injectable organic 
esters. A pharmaceutically acceptable carrier can contain physiologically acceptable 
compounds that act, for example, to stabilize or to increase the absorption of the 
conjugate. Such physiologically acceptable compounds include, for example, 
carbohydrates, such as glucose, sucrose or dextrans, antioxidants, such as ascorbic acid or 
glutathione, chelating agents, low molecular weight proteins or other stabilizers or 
excipients. One skilled in the art would know that the choice of a pharmaceutically 
acceptable carrier, including a physiologically acceptable compound, depends, for 
example, on the route of administration of the composition, which can be, for example, 
orally or parenterally such as intravenously, and by injection, intubation, or other such 
method known in the art. The pharmaceutical composition also can contain a second 
reagent such as a diagnostic reagent, nutritional substance, toxin, or therapeutic agent, for 
example, a cancer chemotherapeutic agent. 
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[0148] The directionally linked recombinant nucleic acid molecule can be 
incorporated within an encapsulating material such as into an oil-in-water emulsion, a 
microemulsion, micelle, mixed micelle, liposome, microsphere or other polymer matrix 
(see, for example, Gregoriadis, Liposome Technology, Vol. 1 (CRC Press, Boca Raton, 
FL 1984); Fraley, et al., Trends Biochem. Sci., 6:77 (1981), each of which is 
incorporated herein by reference). Liposomes, for example, which consist of 
phospholipids or other lipids, are nontoxic, physiologically acceptable and metabolizable 
carriers that are relatively simple to make and administer. "Stealth" liposomes (see, for 
example, U.S. Pat. Nos. 5,882,679; 5,395,619; and 5,225,212, each of which is 
incorporated herein by reference) are an example of such encapsulating materials 
particularly useful for preparing a pharmaceutical composition, and other "masked" 
liposomes similarly can be used, such liposomes extending the time that a nucleic acid 
molecule remains in the circulation. Cationic liposomes, for example, also can be 
modified with specific receptors or ligands (Morishita et al., J. Clin. Invest., 91:2580- 
2585 (1993), which is incorporated herein by reference). The nucleic acid molecule also 
can be introduced into a cell by complexing it with an adenovirus-polylysine complex 
(see, for example, Michael et al., J. Biol. Chem. 268:6866-6869 (1993), which is 
incorporated herein by reference). Such compositions can be particularly useful for 
introducing a nucleic acid molecule into a cell in vivo or in vitro, including ex vivo, 
wherein the cell containing the nucleic acid molecule is administered back to the subject 
(see U.S. Pat. No. 5,399,346, which is incorporated herein by reference). A nucleic acid 
molecule generated according to a method of the invention also can be introduced into a 
cell using a biolistic method (see, for example, Sykes and Johnston, supra, 1999). 

[0149] As disclosed herein, a directionally linked nucleic acid molecule generated 
according to a method of the invention contains a nick, which can be resolved, for 
example, by contacting the nicked recombinant nucleic acid molecule with a ligase. Such 
a directionally linked recombinant nucleic acid molecule that is covalently linked in both 
strands can be used as a template for an amplification reaction such as PCR. As such, a 
large amount of the construct can be generated. Furthermore, an amplification reaction 
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can provide an in vitro selection method for obtaining only a desired product, without 
obtaining partial reaction products. For example, a method of the invention can be used 
to generate a directionally linked recombinant nucleic acid molecule comprising, 
operatively linked in a 5' to 3 f orientation, a first ds nucleic acid molecule comprising a 
promoter, a second ds nucleic acid molecule comprising a coding region, and a third 
ds nucleic acid molecule comprising a polyadenylation signal, wherein the nicks in the 
generated recombinant nucleic acid molecule are ligated. 

[0150] By selecting a PCR primer pair including a first primer complementary to a 
nucleotide sequence upstream of the promoter sequence, and a second primer 
complementary to a nucleotide sequence downstream of the polyadenylation signal, a 
functional amplification product comprising the promoter, coding region and 
polyadenylation signal can be generated. In contrast, partial reaction products that lack 
either the first ds nucleic acid molecule or third ds nucleotide are not amplified because 
either the first or second primer, respectively, will not hybridize to the partial product. In 
addition, a construct lacking the second ds nucleic acid molecule would not be generated 
due to the lack of complementarity of the 5* overhanging sequences of the first and third 
ds nucleic acid molecules. As such, the invention provides, in part, a means to obtain a 
desired functional, directionally linked recombinant nucleic acid molecule. 

[0151] The use of an amplification reaction such as PCR in such a manner further 
provides a means to screen a large number of nucleic acid molecules generated according 
to a method of the invention in order to identify constructs of interest. Since methods for 
utilizing PCR in automated high throughput analyses are routine and well known, it will 
be recognized that the methods of the invention can be readily adapted to use in a high 
throughput system. Using such a system, a large number of constructs can be screened in 
parallel, and partial or incomplete reaction products can be identified and disposed of, 
thereby preventing a waste of time and expense that would otherwise be required to 
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characterize the constructs or examine the functionality of the constructs in further 
experiments. 

[0152] Recombinant nucleic acid molecules generated by a method of the invention 
wherein the first ds nucleic acid molecule contains a first topoisomerase but not a second 
topoisomerase or topoisomerase binding site, are generally linear, whereas, in other 
aspects, the methods of the invention can generate circular recombinant nucleic acid 
molecules. However, a directionally linked recombinant nucleic acid molecule that is 
generated as a linear molecule can be circularized, for example, where it is to be used as a 
vector. In addition, a linear directionally linked recombinant nucleic acid molecule 
generated by a method of the invention can be cloned into a vector, which can be a 
plasmid vector or a viral vector such as a bacteriophage, baculovirus, retrovirus, 
lentivirus, adenovirus, Vaccinia virus, semliki forest virus and adeno-associated virus 
vector, all of which are well known and can be purchased from commercial sources 
(Invitrogen Corp., La Jolla CA; Promega, Madison WI; Stratagene, La Jolla CA; 
GIBCO/BRL, Gaithersburg MD). 

[0153] The methods of the invention also can be used to detectably label a nucleic 
acid molecule with a chemical or small organic or inorganic moiety such that the nucleic 
acid molecule is useful as a probe. For example, a first ds nucleic acid molecule, which 
has a topoisomerase recognition site, or cleavage product thereof, at a 3 f terminus, can 
have bound thereto a detectable moiety such as a biotin, which can be detected using 
avidin or streptavidin, a fluorescent compound (e.g., Cy3, Cy5, Fam, fluorescein, or 
rhodamine), a radionuclide (e.g., sulfur-35, technicium-99, phosphorus-32, or tritium), a 
paramagnetic spin label (e.g., carbon- 13), a chemiluminescent compound, an epitope, for 
example a peptide epitope, which can be detected using an antibody that recognizes the 
epitope, or the like, such that, upon generating a directionally linked double stranded 
recombinant nucleic acid molecule according to a method of the invention, the generated 
nucleic acid molecule will be labeled. Methods of detectably labeling a nucleic acid 
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molecule with such moieties are well known in the art (see, for example, Hermanson, 
"Bioconjugate Techniques" (Academic Press 1996), which is incorporated herein by 
reference). It should be recognized that such elements as disclosed herein or otherwise 
known in the art, including nucleic acid molecules encoding cell compartmentalization 
domains, or detectable labels or tags, or comprising transcriptional or translation 
expression control elements can be useful components of a kit as disclosed herein. 

[0154] A method of the invention, in which a first ds nucleic acid molecule with a first 
topoisomerase, but not a second topoisomerase or topoisomerase recognition site, is used 
can be particularly useful for generating an expressible recombinant nucleic acid 
molecule that can be inserted in a site specific manner into a target DNA sequence. The 
target DNA sequence can be any DNA sequence, particularly a genomic DNA sequence, 
and preferably a gene for which some or all of the nucleotide sequence is known. The 
method can be performed utilizing a first ds nucleic acid molecule, which has a first end 
and a second end and encodes a polypeptide, for example, a selectable marker, wherein 
the first ds nucleic acid molecule comprises a complementary sequence at both ends; and 
directionally linking the first ds nucleic acid molecule to first and second PCR 
amplification products, which are generated from sequences upstream and downstream of 
the site at which the construct is to be inserted, wherein each amplification products each 
contain a topoisomerase recognition site and a 5' target sequence selected based on the 
factors set forth in the present disclosure. For example, the first and second amplification 
products have different 5' target sequences such that, upon cleavage by a topoisomerase, 
each can be linked to a predetermined end of the first ds nucleic acid molecule. 

[0155] The first and second amplification products are generated using two sets of 
PCR primer pairs. The two sets of PCR primer pairs are selected such that, in the 
presence of an appropriate polymerase such as Tag polymerase and a template 
comprising the sequences to be amplified, the primers amplify portions of a target DNA 
sequence that are upstream of and adjacent to, and downstream of and adjacent to, the 
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site for insertion of the selectable marker. In addition, the sets of PCR primer pairs are 
designed such that the amplification products contain a topoisomerase recognition site 
and, following cleavage by the site specific topoisomerase, a 5 f overhanging sequence at 
the end to be directionally linked to the selectable marker. As such, the first PCR primer 
pair includes 1) a first primer, which comprises, in an orientation from 5 f to 3*, a 
nucleotide sequence complementary to a 5 1 complementary sequence of the end of the 
selectable marker to which the amplification product is to be directionally linked, a 
nucleotide sequence complementary to a topoisomerase recognition site, and a nucleotide 
sequence complementary to a 3 f sequence of a target DNA sequence upstream of the 
insertion site; and 2) a second primer, which comprises a nucleotide sequence of the 
target genomic DNA upstream of the 3 f sequence to which the first primer is 
complementary, i.e., downstream of the insertion site. The second PCR primer pair 
includes 1) a first primer, which comprises, from 5' to 3\ a nucleotide sequence 
complementary to the 5 f complementary sequence of the end of the selectable marker to 
which it is to be directionally linked, a nucleotide sequence complementary to a 
topoisomerase recognition site, and a nucleotide sequence of a 5* sequence of a target 
DNA sequence, wherein the 5' sequence of the target genomic DNA is downstream of the 
3 ! sequence of the target DNA sequence to which the first primer of the first PCR primer 
pair is complementary; and the second primer of the second primer pair comprises a 
nucleotide sequence complementary to a 3 ! sequence of the target DNA sequence that is 
downstream of the 5 f sequence of the target genomic DNA contained in the first primer. 
The skilled artisan will recognize that the sequences of the primer that are 
complementary to the target genomic DNA are selected based on the sequence of the 
target DNA. 

[0156] Upon contact of the first ds nucleic acid molecule comprising the selectable 
marker, the first and second amplification products (i.e., second and third ds nucleic acid 
molecules), and a topoisomerase (unless the molecules are topoisomerase-charged), a 
directionally linked recombinant nucleic acid molecule is generated. Following ligation 
of the nicks, the generated recombinant nucleic acid molecule can be further amplified, if 
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desired, using PCR primers that are specific for an upstream and downstream sequence of 
the target genomic DNA, thus ensuring that only functional constructs are amplified. 
Such a generated directionally linked recombinant nucleic acid molecule is useful for 
performing homologous recombination in a genome, for example, to knock-out the 
function of a gene in a cell, or to confer a novel phenotype on the cell containing the 
generated recombinant nucleic acid molecule. The method can further be used to 
produce a transgenic non-human organism having the generated recombinant nucleic acid 
molecule stably maintained in its genome. 

[0157] A method of the invention involving a first ds nucleic acid having a 
topoisomerase or topoisomerase-recognition site, for example, at a first end but not the 
second end, also can be useful for covalently linking an adapter or linker sequence to one 
or both ends of a second ds nucleic acid molecule of interest, including to each of a 
plurality of second (or other) ds nucleic acid molecules. For example, where it is desired 
to put linkers on both ends of a first ds nucleic acid molecule, the method can be 
performed by contacting a topoisomerase with a first ds nucleic acid molecule, which has 
a 5' complementary sequence at or near each 5 f terminus that is complementary to an 
overhang sequence on a 5* terminus of each of the second and third ds nucleic acid 
molecules; and a second ds nucleic acid molecule and a third ds nucleic acid molecule, 
each of which includes a topoisomerase recognition site at the appropriate 3 1 terminus and 
a 5 1 overhang sequence at or near the end containing the topoisomerase recognition site. 
An appropriate terminus is the terminus to which the linker is to be directionally linked to 
the first ds nucleic acid molecule. In performing such a method, the linker sequences 
comprising the second and at least third nucleic acid molecule can be the same or 
different. 

[0158] A method of the invention involving a first ds nucleic acid molecule with a 

5' target sequence and a topoisomerase on a first end, can be performed to directionally or 

non-directionally link a first ds nucleic acid molecule to at least a second ds nucleic acid 
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molecule. The method typically is used to directionally link the first ds nucleic acid 
molecule and the second ds nucleic acid molecule. However, the method can be used to 
non-directionally link the first ds nucleic acid molecule and the second ds nucleic acid 
molecule in the following embodiments: 1) Where a second nucleotide sequence is 
present at or near the 5 f terminus of the second end of the first ds nucleic acid molecule, 
that is capable of hybridizing to the 5 1 complementary nucleotide sequence at the second 
end of the second ds nucleic acid molecule; and 2) Where a nucleotide sequence is 
present at or near the 5 1 terminus of both the first end and the second end of the second ds 
nucleic acid molecule that is capable of hybridizing to the 5 f overhang at the first end of 
the first ds nucleic acid molecule. In these embodiments involving non-directional 
linking, the second end of the first ds nucleic acid molecule and the second end of the 
second ds nucleic acid molecule can be either blunt, or include an overhang. 



[0159] In embodiments involving a linking a third ds nucleic acid molecule to the 
second ds nucleic acid molecule, the methods can be used to directionally or non- 
directionally link the two nucleic acid molecules. The method typically is used to 
directionally link the second ds nucleic acid molecule and the third ds nucleic acid 
molecule. However, the method can be used to non-directionally link the third ds nucleic 
acid molecule and the second ds nucleic acid molecule in the following embodiments: 1) 
Where a second nucleotide sequence is present at or near the 5' terminus of the second 
end of the third ds nucleic acid molecule, that is capable of hybridizing to the 
5 1 complementary nucleotide sequence at the second end of the second ds nucleic acid 
molecule; and 2) Where a nucleotide sequence is present at or near the 5 1 terminus of both 
the first end and the second end of the second ds nucleic acid molecule that is capable of 
hybridizing to the 5 1 overhang at the first end of the third ds nucleic acid molecule. In 
these embodiments involving non-directional linking, the second end of the third ds 
nucleic acid molecule and the second end of the second ds nucleic acid molecule can be 
either blunt, or include an overhang. 
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[0160] The present invention also provides a composition, which includes a first 

ds nucleic acid molecule having a first end and a second end, wherein the first end has a 

5 f overhang and a topoisomerase covalently bound at the 3' terminus; and a second 

ds nucleic acid molecule having a first blunt end and a second end, wherein the first blunt 

end has a first 5 1 nucleotide sequence, which is complementary to the first S'-overhang, 

and a first 3 f nucleotide sequence complementary to the first 5' nucleotide sequence. In 

such a composition, the first 5' nucleotide sequence of the first blunt end of the second 

ds nucleic acid molecule can be hybridized to the first 5' overhang of the first end of the 

first nucleic acid molecule, wherein the first 3' nucleotide sequence of the first blunt end 

of the second ds nucleic acid molecule displaced. The first ds nucleic acid molecule in 

such a composition can further have a second 5* overhang at the second end, and the 

second end of the second ds nucleic acid molecule can further include a second 

5' nucleotide sequence, which is complementary to the second 5' overhang, and a second 

3' nucleotide sequence complementary to the second 5 r nucleotide sequence, 

[0161] The present invention also provides kits, which contain one or more (e.g., 1, 2, 
3, 4, 5, 6, 7, 8, 9, 10, etc.) reagents useful for directionally or non-directionally linking ds 
nucleic acid molecules. In one embodiment, a kit of the invention contains a ds nucleic 
acid molecule having a first end and a second end, wherein the first end contains a first 
5 1 overhang and a first topoisomerase covalently bound at the 3 1 terminus, and the second 
end contains a second topoisomerase covalently bound at the 3' terminus and contains a 
second 5 f overhang, a blunt end, a 3 ! uridine overhang, or a 3* thymidine overhang, 
wherein the first 5 1 overhang is different from the second 5 1 overhang. The 
topoisomerases, which can be the same or different, also can be a component of the kit. 
The ds nucleic acid molecule in the kit can, but need not be a vector, and can contain one 
or more (e.g., 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, etc.) expression control elements, as well as 
instructions for using kit components. 
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[0162] A kit of the invention also can include a plurality of second ds nucleic acid 
molecules, wherein each ds nucleic acid molecule in the plurality has a first blunt end, 
and wherein the first blunt end includes a 5' nucleotide sequence complementary to the 
first 5 ! overhang of the first ds nucleic acid molecule. The second ds nucleic acid 
molecules in the plurality can be a plurality of transcriptional regulatory elements, 
translational regulatory elements, or a combination thereof, or can encode a plurality of 
peptides such as peptide tags, cell compartmentalization domains, and the like. 



[0163] A ds nucleic acid molecule component of a kit can be, for example, a 
linearized vector such as a cloning vector or expression vector. If desired, such a kit can 
contain a plurality of ds nucleic acid molecules, each comprising a different expression 
control element or other element such as, but not limited to, a sequence encoding a tag or 
other detectable molecule or a cell compartmentalization domain. The different elements 
can be different types of a particular expression control element, for example, constitutive 
or inducible promoters or tissue specific promoters, or can be different types of elements 
including, for example, transcriptional and translational expression control elements, 
epitope tags, and the like. Such ds nucleic acid molecules may be topoisomerase- 
activated or can be activated with topoisomerase, and contain 5 ! overhanging sequences, 
or sequences that become 5 f overhanging sequences after topoisomerase activation. In 
addition, the plurality of ds nucleic acid molecules can have 5 1 overhanging sequences 
that are unique to a particular expression control element, or that are common to plurality 
of related expression control elements, for example, to a plurality of different promoter 
elements. The 5' overhanging sequences of ds nucleic acid molecules can be designed 
such that one or more expression control elements contained on the ds nucleic acid 
molecule can be operatively directionally linked to provide a useful function, for 
example, an element comprising a Kozak sequence and an element comprising a 
translation start site can have complementary 5' overhangs such that the elements can be 
operatively directionally linked according to a method of the invention. 
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[0164] The invention further provides kits for linking nucleic acid molecules using 
methods described herein. Thus, kits of the invention may comprise one or more 
components for performing methods described herein. In particular embodiments, kits of 
the invention may comprise one or more component selected from the group consisting 
of instructions for use of kits components, one or more buffers, one or more nucleic acid 
molecules (e.g., one or more nucleic acid molecules having a 5* overhang, a 3 f overhang, 
a 5 ! overhang and a 3* overhang, two 3* overhangs, two 5 1 overhangs, etc.), one or more 
topoisomerase, one or more ligase, one or more recombinase, one or more adapter linker 
for preparing molecules having a 5 f overhang and/or a 3' overhang, and/or one or more 
containers in which to perform methods of the invention. 



[0165] The following examples are intended to illustrate but not limit the invention. 



EXAMPLE 1 

[0166] In a preferred embodiment of the present invention, a topoisomerase-charged 
ds nucleic acid molecule is made by first obtaining a commercially available cloning 
vector. One such vector is pUni/V5-His version A, (Invitrogen Corp, Carlsbad, CA), a 
circular supercoiled vector that contains uniquely designed elements. These elements 
include a BGH polyadenylation sequence to increase mRNA stability in eukaryotic hosts, 
a T7 transcription termination region, an R6Ky DNA replication origin and a kanamycin 
resistance gene and promoter for antibiotic resistance selection. Additionally, 
pUni/V5-His version A contains a multiple cloning site, which is a synthetic DNA 
sequence encoding a series of restriction endonuclease recognition sites. These sites are 
engineered for cloning of DNA into a vector at a specific position. Also within the 
vector's multiple cloning site is a loxP site inserted 5 ! to the endonuclease recognition 
sites thereby facilitating Cre recombinase-mediated fusion into a variety of other 
expression vectors, (Echo™ Cloning System, Invitrogen Corp., Carlsbad, CA). An 
optional C-terminal V5 epitope tag is present for easy detection of expressed fusion 
proteins using an Anti-V5 Antibody. An optional C-terminus polyhistidine (6xHis) tag is 
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also present to enable rapid purification and detection of expressed proteins. A bacterial 
ribosomal binding site downstream from the loxP site makes transcription initiation in 
E. coli possible. Though this combination of elements is specific for pUni/V5-His 
version A cloning vector, many similar cloning and expression vectors are commercially 
available or can be assembled from sequences and by methods well known in the art. 
pUni/V5-His version A is a 2.2kb double stranded plasmid (see Figures 3 and 5). 

[0167] Construction of a topoisomerase I charged cloning vector from pUni/V5-His 
version A is accomplished by endonuclease digestion of the vector, followed by 
complementary annealing of synthetic oligonucleotides and site-specific cleavage of the 
heteroduplex by Vaccinia topoisomerase L SacI and EcoRI are two of the many 
restriction endonuclease sites present within the multiple cloning site of pUni/V5-His 
version A, (See FIG. 3). Digestion of pUni/V5-His version A with the corresponding 
restriction enzymes, SacI and EcoRI will leave cohesive ends on the vector (S'-AGCT- 
3 1 and 5 f -AATT-3\ Figure 6). These enzymes are readily available from numerous 
vendors including New England Biolabs, (Beverly, MA. Catalogue Nos. R0156S, SacI 
and RO101S, EcoRI). The digested pUni/V5-His version A is easily separated from the 
digested fragments using isopropanol precipitation. These and other methods for 
digesting and isolating DNA are well known to those skilled in the art, (Sambrook et al., 
(1989) Molecular Cloning, A Laboratory Manual. Second edition. Cold Spring Harbor 
Laboratory Press; pages 5.28-5.32.) 

[0168] The purified, digested vector is then incubated with two specific 
oligonucleotide adapters and T4 DNA ligase. The adapters are oligonucleotide duplexes 
containing ends that are compatible with the SacI and EcoRI ends of the vector. One of 
skill in the art will readily appreciate that other adapter oligonucleotides with appropriate 
sequences can be made for other vectors having different restriction sites. Following 
incubation with T4 DNA ligase, the vector containing the ligated adapters is purified 
using isopropanol. 
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[0169] The adapter duplex that results from the annealing of TOPO Dl and TOPO D2 
has a single-stranded EcoRI overhang at one end and a 12 nucleotide single stranded 
overhang at the other end. 

[0170] The first adapter oligonucleotide, (TOPO Dl), has complementation to the 
EcoRI cohesive end, 3'-TTAA-5\ Furthermore, TOPO Dl has an additional 24 bp 
including the topoisomerase consensus pentapyrimidine element 5 f -CCCTT located 16 bp 
upstream of the 3 ! end. The remaining sequence and size of TOPO Dl adapter oligo is 
variable, and can be modified to fit a researcher's particular needs. In the current 
embodiment 5 AATT GAT CCCTT C ACCGAC ATAGTAC AG-3 1 (SEQ ID NO:5) is the 
full sequence of the adapter used. 



[0171] The second adapter oligonucleotide, (TOPO D2), must have full 
complementation to TOPO Dl. TOPO D2 complements directly 5 f of the EcoRI 
cohesive flap, extending the bottom strand of the linearized vector. Additionally, TOPO 
D2 contains the sequence 3 f -GTGG, which is the target sequence, and single-stranded 
overhang after topoisomerase cleavage, for directional cloning. In this embodiment, the 
single stranded overhang was chosen to complement the Kozak sequence known to help 
expression of ORFs in eukaryotic cells by increasing the efficiency of ribosome binding 
on the mRNA, however, sequence and length are highly variable to meet the specific 
needs of individual users. The complete sequence of TOPO D2 is 
3 -CT AGGGAAGTGG-5 1 (SEQ ID NO:6). 

[0172] Similar to above, the adapter duplex that results from the annealing of 
oligonucleotides TOPO D4 and TOPO D5 has a single-stranded SacI overhang at one 
end, and a 12 nucleotide single-stranded overhang at the other end. 
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[0173] The third adapter oligonucleotide, (TOPO D5), has complementation to the 
Sad cohesive end, 3'-TCGA-5\ Similar to TOPO Dl, TOPO D5 has additional bases 
creating a single stranded overhang. The length and sequence can vary based on the 
needs of the user. In the current embodiment TOPO D5 ! s sequence is 
5-AAGGGCGAGCT-3 1 (SEQ ID NO:7). 



[0174] The fourth adapter oligonucleotide, (TOPO D4), has full complementation to 
TOPO D5, and complements directly 5 f of the SacI cohesive flap extending the top strand 
of the linearized vector. TOPO D4 also contains the topoisomerase consensus sequence 
5 f -CCCTT. The remaining sequence and size of TOPO D4 adapter oligo is variable and 
can be modified to fit a researcher's particular needs. In the current embodiment, the 
sequence of TOPO D4 is 3 -GACATGATACAG TTCCC GC-5 1 (SEQ ID NO:8), which 
includes an additional 12 bp single stranded overhang. 



[0175] These adapter oligonucleotides can be chemically synthesized using any of 
numerous techniques, including the phosphoramadite method (Caruthers et aL, Meth. 
Enzvmol. 154:287-313, 1987). This and other methods for the chemical synthesis of 
oligos are well known to those of ordinary skill in the art. 



[0176] Complementary annealing of the purified digested vector and the adapter 
oligonucleotides is done by incubation of the DNA in the presence of T4 DNA ligase. 
Typical ligation reactions are performed by incubation of a cloning vector with suitable 
DNA fragments in the presence of ligase and an appropriate reaction buffer. Buffers for 
ligation reactions should contain ATP to provide energy to for the reaction, as well as, 
reducing reagents like dithiothreitol and pH stabilizers like Tris-HCl. The ratio of 
concentrations for the cloning vector and the DNA fragments are dependent on each 
individual reaction, and formulae for their determination are abundant in the literature, 
(See e.g., Protocols and Applications Guide (1991), Promega Corporation, Madison, WI, 
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p.45). T4 Ligase will catalyze the formation of a phosphodiester bond between adjacent 
5-phosphates and 3 ? -hydroxyl termini during the incubation. Cohesive end ligation can 
generally be accomplished in 30 minutes at 12-15° C, while blunt end ligation requires 
4-16 hours at room temperature, (Ausubel et aL, (1992) Second Edition; Short Protocols 
in Molecular Biology, John Wiley & Sons, Inc., New York, NY, pages 3.14-3.37), 
however parameter range varies for each experiment. In the current embodiment, 
purified, digested pUni/V5-His version A and the adapter oligos were incubated in the 
presence of T4 ligase and a suitable buffer for sixteen hours at 12.5 °C. The resulting 
linearized and adapted vector comprises the purified cloning vector attached to the 
adapter oligonucleotides through base pair complementation and T4 ligase-catalyzed, 
phosphodiester bonds (see Figure 7). 

[0177] Efficient modification of the adapted vector with topoisomerase requires the 
addition of an annealing oligo to generate double stranded DNA on TOPO DTs and 
TOPO D4's single stranded overhangs. Vaccinia topoisomerase I initially binds non- 
covalently to double stranded DNA. The enzyme then diffuses along the duplex until 
locating and covalently attaching to the consensus pentapyrimidine sequence S'-CCCTT, 
forming the topoisomerase adapted complex, (See Shuman et aL, U.S. Pat. 
No. 5,766,891). Modification of the adapted vector takes place in the absence of DNA 
ligase to prevent the formation of phosphodiester bonds between the adapted vector and 
the annealing oligo, since phosphodiester bonds in the non-scissile strand will prevent the 
dissociation of the leaving group upon cleavage, (Figures 8 and 9). 

[0178] The annealing oligonucleotide, (TOPO D3), must have complementation to the 
single stranded DNA overhangs of TOPO Dl and TOPO D4. In the current embodiment 
the overhangs both share the following sequence, 5'-GACATAGTACAG-3' (SEQ ID 
NO:9). Therefore, TOPO D3 has the following sequence, 

S'-CTGTATCATGTCAAC-S' (SEQ ID NO: 10), which comprises full complementation 
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to the adapter oligos 1 single stranded overhang and an additional 3 bp overhang, 



3'-AAC-5\ 



[0179] Incubation of the adapted vector with the annealing oligo in the presence of 
topoisomerase will create double stranded DNA to which topoisomerase can non- 
covalently bind, (Figure 10). Bound topoisomerase will search the double stranded DNA 
by a facilitated diffusion mechanism, until the 5-CCCTT recognition motif is located. 
Cleavage of the phosphodiester backbone of the scissile strand 3' of the motif is catalyzed 
via a nucleophilic attack on the 3' phosphorous atom of the preferred oligonucleotide 
cleavage sequence S'-CCCTT^ resulting in covalent attachment of the DNA to the 
enzyme by a S'-phosphotyrosyl linkage, (See Shuman et al., (1989) Proc. Natl. Acad. Sci. 
U.S.A . 86, 9793-9796). Cleavage of the scissile strand creates a double stranded leaving 
group comprising the 3' end adapter oligo, downstream from the 5-CCCTT motif, and 
the annealing oligo TOPO D3. Although the leaving group can religate to the 
topoisomerase-modified end of the vector via 5* hydroxyl-mediated attack of the 
phosphotyrosyl linkage, this reaction is disfavored when the leaving group is no longer 
covalently attached to the vector. The addition of T4 polynucleotide kinase and ATP to 
the cleavage/religation reaction further shifts the equilibrium toward the accumulation of 
trapped topoisomerase since the kinase can phosphorylate the 5* hydroxyl of the leaving 
group to prevent the rejoining from taking place, (Ausubel et al., (1992) Second Edition; 
Short Protocols in Molecular Biology, John Wiley & Sons, Inc., New York, NY, 
pp. 3.14-3.30). The resulting linearized vector comprises a blunt end from the TOPO 
D4/D3 leaving group and a single stranded overhang bearing end from the TOPO D1/D3 
leaving group, (Figure 11). Both of the linearized cloning vector's ends are charged with 
topoisomerase, enabling fast, efficient and directional topoisomerase mediated insertion 
of an acceptor molecule. 

[0180] Although the above example details the modification of pUni/V5-His version 
A to form the topoisomerase-modified directional cloning vector, a person of ordinary 
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skill in the art will appreciate how to apply these methods to any plasmid, cosmid, virus, 
or other DNA. It should also be noted that this example demonstrates a vector 
containing a 5 ! single stranded overhang comprising the sequence 5-GGTG-3 1 , however 
the design of adapter duplexes and annealing oligonucleotides would allow one of skill in 
the art to custom design overhangs of any sequence or length at one or both ends of a 
given vector. 

[0181] Specifically, any plasmid, cosmid, virus or other DNA can be modified to 
possess a single stranded overhang of any convenient sequence and length. These are the 
basic steps: the vector is first subjected to a treatment that is known to linearize the 
DNA. Common procedures include, but are not limited to, restriction digestion and 
treatment with topoisomerase II. Following linearization, a custom single stranded 
overhang is added. In the above example, complementary oligonucleotides are added to 
the sticky ends of a restriction digestion giving the desired single stranded overhang, 
however single stranded overhang forming oligonucleotides can be added by T4 blunt 
end ligation, as well. The single stranded overhang sequence is exposed by a 
topoisomerase I mediated, single strand nicking. In turn, this single stranded overhang 
can be used to directionally insert a PCR product comprising one or more complimentary 
nucleotide sequences. 

[0182] Likewise, topoisomerase modification can be applied to any double-stranded 
plasmid, cosmid, virus or other piece of DNA. Methods for the attachment of 
topoisomerase I to double stranded DNA are well known in the art, (See Shuman et al., 
U.S. Pat. No. 5,766,891). The strategic placement of topoisomerase on to a piece of 
double stranded DNA is determined by the incorporation of a topoisomerase I consensus 
sequence, (See Shuman et al., U.S. Pat. No. 5,766,891). The topoisomerase I will bind 
the double stranded DNA, nick the scissile strand thus revealing the predetermined 
single-stranded overhang sequence, and ligate the incoming PCR product in the correct, 
single stranded overhang mediated orientation. 
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EXAMPLE 2 

[0183] As an example of the application of the present invention to another plasrnid, 
pCR® 2.1 5 (Figures 4 and 12), was modified to create a topoisomerase I adapted vector 
with a custom single stranded sequence. 

[0184] The pCR® 2.1 plasrnid is 3.9 kb T/A cloning vector. Within the sequence of 
this vector are many uniquely designed elements. These elements include an fl origin, a 
ColEl origin, a kanamycin resistance gene, an ampicillin resistance gene, a LacZ-alpha 
fragment and a multiple cloning sequence located within the ZacZ-alpha fragment 
allowing for blue-white selection of recombinant plasmids. The multiple cloning 
sequence, (FIG. 4) of the pCR® 2.1 plasrnid contains; numerous restriction sites, 
including but not limited to, Hindlll, Spel and EcoRI; Ml 3 forward and reverse primers 
and a T7 RNA polymerase promoter. 

[0185] Construction of the topoisomerase I charged vector possessing a custom single 
stranded sequence consists of endonuclease digestion followed by complementary 
annealing of synthetic oligonucleotides and the site specific cleavage of the heteroduplex 
by Vaccinia topoisomerase I. Digestion of the pCR® 2.1 plasrnid with the restriction 
enzymes Hindlll, Spel and EcoRI leaves Hindlll and EcoRI cohesive ends on the vector 
(Figure 13). The dissociated fragment of pCR® 2.1 downstream from the Hindlll 
cleavage site is further cleaved with Spel in order to reduce its size. By reducing the size 
of the fragment, the digested vector is easily purified away from the smaller digested 
pieces by isopropanol precipitation. These enzymes are readily available from numerous 
vendors including New England Biolabs, (Beverly, MA, Catalogue Nos.; RO104S, 
Hindlll; R0133S, Spel; RO101S, EcoRI). Methods for the digestion and the isolation of 
DNA are well known to those skilled in the art, (Sambrook et al., supra, 1989). 
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[0186] The purified digested vector is incubated with four adapter oligonucleotides 
and T4 DNA ligase. These adapter oligonucleotides are designed to have 
complementation to either the Hindlll cohesive end, the EcoRI cohesive end, or to each 
other. Following incubation with T4 DNA ligase the adapted vector is purified using 
isopropanol. 

[0187] The first adapter oligonucleotide, (TOPO H), has complementation to the 
Hindlll cohesive end, 3'-TCGA-5\ Furthermore, TOPO H has an additional 24 bp 
including the topoisomerase consensus pentapyrimidine element S'-CCCTT located 19 bp 
upstream of the 3' end. The remaining sequence and size of TOPO H adapter oligo is 
variable, and can be modified to fit a researcher's particular needs. In the current 
embodiment 5'- AGCT CG CCCTT ATTCCGATAGTG-3' (SEQ ID NO:l 1) is the full 
sequence of the adapter used. 

[0188] The second adapter oligonucleotide, (TOPO 16), must have full 
complementation to TOPO H. TOPO 16 complements directly 5' of the Hindlll cohesive 
end, extending the bottom strand of the linearized vector. Additionally, TOPO 16 
contains the sequence 3 -TAAG, which is the chosen single stranded sequence for 
directional cloning. The complete sequence of TOPO 16 is 3 -GCGGG AATAAG-5 ', 
(SEQ ID NO: 12). 

[0189] The third adapter oligonucleotide, (TOPO 1), has complementation to the 
EcoRI cohesive end, 3'-TTAA-5\ Similar to TOPO H, TOPO 1 has additional bases 
containing the topoisomerase I consensus sequence CCCTT located 12 bp upstream of 
the 3 ? end. The length and sequence of TOPO 1 can vary based on the needs of the user. 
In the current embodiment TOPO l's sequence is 
5 AATTCGCCCTTATTCCGAT AGTG-3 1 (SEQ ID NO: 13). 
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[0190] The fourth adapter oligonucleotide, (TOPO 2), has full complementation to 
TOPO 1, and complements directly 5 1 of the EcoRI cohesive end extending the top strand 
of the linearized vector. In the current embodiment, the sequence of TOPO 2 is 
3'-GCGGGAA-5\ 

[0191] Complementary annealing of the purified digested vector and the adapter 
oligonucleotides is done by incubation of the DNA in the presence of T4 DNA ligase. 
T4 Ligase will catalyze the formation of a phosphodiester bond between adjacent 
5 '-phosphates and 3-hydroxyl termini during the incubation. In the current embodiment, 
purified, digested pCR® 2.1 and the adapter oligos were incubated in the presence of 
T4 ligase and a suitable buffer for sixteen hours at 12.5° C. The resulting linearized and 
adapted vector comprises the purified cloning vector attached to the adapter 
oligonucleotides through base pair complementation and T4 ligase-catalyzed, 
phosphodiester bonds (FIG. 13). Ligation techniques are abundant in the literature, (see 
Ausubel et al., (1992) Second Edition; Short Protocols in Molecular Biology \ John Wiley 
& Sons, Inc., New York, NY, pp. 3.14-3.37). 

[0192] Charging of the adapted vector with topoisomerase requires the addition of 
annealing oligonucleotides to generate double stranded DNA on TOPO H's and TOPO l's 
single stranded overhangs. Charging of the adapted vector takes place in the absence of 
DNA ligase to prevent the formation of phosphodiester bonds between the adapted vector 
and the annealing oligo, since phosphodiester bonds in the non-scissile strand will 
prevent the dissociation of the leaving group upon cleavage (see Figure 9). 

[0193] The annealing oligonucleotide, (TOPO 17), must have complementation to the 
single stranded DNA overhang of TOPO H. In the current embodiment the overhang has 
the following sequence, 5 '-CG AT AGTG- 3 ' . Therefore, TOPO 17 has the following 
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sequence, 3 ! -GCTATCAC-5 f v which comprises full complementation to the single 
stranded overhang of the adapter oligonucleotides. 



[0194] The annealing oligonucleotide, (TOPO 3), must have complementation to the 
single stranded DNA overhang of TOPO 1. In the current embodiment the overhang has 
the following sequence, 3 '-GTGAT AGCCTT A-5 1 (SEQ ID NO: 14). Therefore, TOPO 3 
has the following sequence, 5 , -CAACACTATCGGAAT-3' (SEQ ID NO: 15), which 
comprises full complementation to the adapter oligonucleotide's single stranded overhang 
and an additional 3 bp overhang, 5-CAA-3'. 



[0195] Incubation of the adapted vector with the annealing oligo in the presence of 
topoisomerase will create double stranded DNA to which topoisomerase can non- 
covalently bind, (FIG. 14). Bound topoisomerase will search the double stranded DNA 
by a facilitated diffusion mechanism, until the 5 -CCCTT recognition motif is located. 
Cleavage of the phosphodiester backbone of the scissile strand 3 1 of the motif will result 
in the covalent attachment of the DNA to the enzyme by a 3 f -phosphotyrosyl linkage, 
(Shuman et al., Proc. Natl. Acad. Sci. U.S. A, 86:9793-9796, 1989). Cleavage of the 
scissile strand creates a double stranded leaving group comprising the 3 f end the adapter 
oligos, downstream from the 5 f -CCCTT motif, and the complementary annealing 
oligonucleotide. The leaving group can religate to the topoisomerase adapted vector 
through its 5' hydroxyl's attack of the phosphotyrosyl linkage, also catalyzed by 
topoisomerase. Addition of T4 polynucleotide kinase to the equilibrium reaction 
prevents the back reaction via the kinase-mediated phosphorylation of the leaving group's 
5' hydroxyl, (Ausubel et al., (1992) Second Edition; Short Protocols in Molecular 
Biology, John Wiley & Sons, Inc., New York, NY, pp. 3.14-3.30). The resulting 
linearized vector comprises a blunt end from the TOPO 1/3 leaving group and a single 
stranded sequence end from the TOPO H/17 leaving group, (Figure 15). Both of the 
linearized cloning vector's ends are charged with topoisomerase, enabling fast, efficient 
and directional topoisomerase mediated insertion of an acceptor molecule. 
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Directional cloning according to the invention. 

[0196] This invention also provides a method for directional cloning of DNA. In the 
following example, the topoisomerase-charged ds nucleic acid vector according to the 
present invention constructed from pUni/V5-His version A was used for the directional 
insertion of ORFs from the GeneStorm™ Expression Ready Clones, (Invitrogen Corp., 
Carlsbad, CA). The modified pUni vector was selected for the cloning of these ORFs 
because the added target sequence, which becomes a single strand overhang upon 
topoisomerase cleavage of the vector, has homology to the Kozak sequence known to 
enhance ORF expression. Note, however, that, as before, any plasmid, cosmid, virus or 
other DNA could be modified to possess the necessary single stranded sequence. 
Likewise, any DNA fragment could be modified to possess a homologous sequence to 
any single stranded overhang of a vector. As a point of interest, the sequence of the 
single stranded overhang can effect directional cloning efficiencies. For example, single 
stranded overhangs with low GC content will have lower annealing stability, also single 
stranded overhangs that have high complementation to both ends of a DNA fragment to 
be cloned will loose the capability to direct these DNA inserts. Thus the sequence of a 
single stranded overhang should be carefully designed to avoid these and similar 
problems. 



EXAMPLE 3 

[0197] The present invention is particularly useful in the directional insertion of PCR 
products into vectors constructed according to the present invention. In the PCR 
amplification of the desired insert, the PCR primers are designed so as to complement 
identified sequences of the insert(s) that are to be directionally cloned into the 
topoisomerase-charged ds nucleic acid vector of the present invention. The primer 
designed to bind upstream of the DNA's coding strand is modified with an additional 
complementary nucleotide sequence on its 5' end. The resulting PCR product will 
possess a complementary sequence allowing single stranded overhang mediated 
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directional insertion into the topoisomerase-charged ds nucleic acid cloning vector of the 
present invention and subsequent expression of the product. 



[0198] One embodiment comprises introducing to a donor duplex DNA substrate a 
single stranded overhang site by PCR amplifying the donor duplex DNA molecule with 
the 5 ! oligonucleotide primer containing the single stranded overhang. PCR amplification 
of a region of DNA is achieved by designing oligonucleotide primers that complement a 
known area outside of the desired region. In a preferred embodiment the primer that has 
homology to the coding strand of the double stranded region of DNA will possess an 
additional sequence of nucleotides complementary to the single strand overhang of the 
topoisomerase-charged ds nucleic acid cloning vector of the preset invention. 



[0199] Using the present invention in a high throughput format, we selected eighty- 
two known ORFs from the GeneStorm™ expression system, (Invitrogen Corporation, 
Carlsbad, CA) for directional cloning into the topoisomerase-charged ds nucleic acid 
vector of the present invention, however, any sequence of DNA can be selected as 
desired by individual users. For each of these ORFs, primers are designed with 
homology to the coding and the non-coding strands. To clone PCR products in a 
directional fashion into the modified pUni/V5-His version A topoisomerase-charged ds 
nucleic acid vector of the present invention as described in example 1, one primer of a 
given pair was modified to contain primer of a given pair was modified to contain the 
nucleotide sequence complementary to the single strand overhang contained within the 
vector. In the current example, the coding primer contained the added sequence 
S'-CACC-S', which complements the 'single stranded overhang 1 , 3-GTGG-5', of the 
topoisomerase-charged ds nucleic acid cloning vector of the present invention. PCR 
amplification of the above ORFs with their respective primers will produce double 
stranded DNA fragments, which possess the single strand overhang at their 5' end, 
(Figure 16). We used pfu polymerase in our PCR amplification, but it is well-known that 
PCR reactions can be performed with either a non-thermophilic polymerase such as pfu 
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or with a thermophilic polymerase like Taq followed by a blunting step to remove the 
non- template nucleotide these enzymes leave at the end of PCR products. 

[0200] In the present example, 0. 1 microgram of each primer was combined with 
0.05 microgram of DNA containing an ORF in a PCR reaction mix totaling 
50 microliters total volume. Besides the primers and vector, the reaction mix also 
contained water, PCR buffer salts, lOmM dNTPs and 1.25 units of pfu polymerase. 
Thermal cycling temperatures were as follows; an initial 94° C denaturation; followed by 
25 repetitions of 94°C denaturation, 55°C primer annealing, and 72° C elongation, each at 
one minute; and ended with a 72°C, fifteen minute elongation. However these 
parameters will vary with each DNA fragment to be amplified. PCR amplification 
techniques are well known to those skilled in the art, (Ausubel et al., (1992) Second 
Edition; Short Protocols in Molecular Biology, John Wiley & Sons, Inc., New York, NY, 
pp. 15.3-15.4), as are techniques for the conversion of 3' overhangs to blunt end termini, 
{Protocols and Applications Guide, Promega Corp.; Madison WI, pp. 43-44, 1989). 

[0201] Incubation of the PCR amplified donor duplex DNA containing the 
complementary nucleotide sequence with the modified pUni/V5-His version A 
topoisomerase-charged ds nucleic acid vector of the present invention results in the 
directional cloning of the donor DNA. For example, the eighty-two ORFs from the 
GeneStorm™ clone collection (Invitrogen Corporation, Carlsbad, CA) were amplified 
using adapted primers containing a complementary nucleotide sequence. Amplification 
of the 82 GeneStorm™ ORFs with the described modified primer pairs resulted in PCR 
products that had the complementary nucleotide sequence at their 5' end. This ORF PCR 
product is combined with 10 ng of topoisomerase-charged ds nucleic acid cloning vector 
of the present invention in either sterile water or a salt solution. The reaction is mixed 
gently and incubated for 5 minutes at room temperature (22-23 °C). After five minutes, 
we placed the reaction on ice then proceeded to the One Shot® Chemical Transformation 
or Electroporation, (Invitrogen Corporation, Carlsbad, CA, Catalogue # C4040-10 and 
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C4040-50, respectively), (Invitrogen TOPO Cloning Protocol Invitrogen Corp.). 
Topoisomerase had joined the adjacent strands of the vector and the product by 
catalyzing a rejoining reaction (Figure 17). DNA fragments constructed with the 
complementary nucleotide sequence at their 5 f ends were thus correctly inserted into 
topoisomerase-charged ds nucleic acid cloning vectors of the present invention with a 
high efficiency. 

[0202] Directional insertion of DNA fragments containing 5 1 sequences 
complementary into ds nucleic acid cloning vectors according to certain embodiments of 
the present invention occurs with greater than 90% efficiency as shown by sequencing 
multiple colonies of transformed host cells. In the current example, the topoisomerase- 
charged ds nucleic acid cloning vectors of the present invention containing the 
GeneStorm™ ORFs were incubated with transformation competent E. coli host cells. In 
seventy- four of the transformation reactions, the directional cloning of the ORFs into the 
topoisomerase-charged ds nucleic acid cloning vector of the present invention occurred in 
at least seven of the eight colonies picked, and fifty-nine of these cloning reactions were 
directional in all eight colonies picked. The overall directional cloning score was 609 of 
656, thus, directional insertion was present in over 93% of the clones picked (see Table 1 
below). 

EXAMPLE 4 

[0203] In a similar example, using the above described modified pCR®2. 1 
topoisomerase-charged ds nucleic acid vector of the present invention, a PCR-generated 
ORF encoding Green Fluorescent Protein (GFP) was directionally cloned in frame with 
the lacZ a fragment present in the vector (see FIG. 4). The primers used to amplify the 
GFP gene contained the requisite complementary nucleotide sequence 5-ATTC-3 1 , and 
the known sequence for translation initiating methionine, 5'-ATG-3\ Using the necessary 
cloning steps noted above, the PCR amplified GFP was inserted into the vector and 
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transformed cells were grown on solid Agar plates. Glowing colonies represented a 
correctly inserted PCR product (see Table 2 below). 



[0204] These data represent a substantial improvement over the current state of the art 
in cloning, and furthermore present an invention in cloning that is highly compatible with 
high throughput techniques. Given directional cloning efficiencies greater that 90%, a 
user need only screen two colonies for each cloned DNA fragment. Thus, on a 96-well 
plate, forty-eight separate clones can be screened for directional insertion, 400% more 
than current cloning techniques. Use of this invention will streamline many high 
throughput gene expression operations, and allow them to run at fraction of their current 
costs. 
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Table 1. Directional Cloning of ORFs using a topois merase-charged ds nucleic acid 
cloning vector of the present invention 

Positive colonies. dPCR reactions Clones tested 



8/8 V 


59 


7/8 


•:■ 15 


6/8 


2 


5/8 


■ .. 1 


4/8 . 


3 


3/8 


2 



Table 2. In frame and directional insertion of GFP into modified pCR2.1 
topoisomerase-charged ds nucleic acid cloning vector of the present invention 



PCR product's 5' sequence Percentage of correct Total white colonies 

inserts (contain a recombinant 

plasmid) 

5'-ATTCATG-3' homologous 86% 457 

5'-CAAGATG-3' non- 35% 118 
homologous 

5'- ATTCGGATG-3 ' frame shift 0% 268 

VECTOR ONLY 0% 31 



[0205] Although the invention has been described with reference to the above 

examples, it will be understood that modifications and variations are encompassed within 
the spirit and scope of the invention. Accordingly, the invention is limited only by the 
following claims. 
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